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FOREWORD 


Howard  K.  Larson 

One  of  the  critical  technology  needs  of  the  Space  Shuttle  is  develop- 
ment of  a reusable  thermal  protection  system  (TPS) . The  baseline 
material  for  a large  part  of  the  shuttle  TPS  is  now  reusable  surface 
insulation  (RSI).  Because  of  the  rapid  progress  which  has  occurred 
in  this  development  effort  during  FYf  72-1 73,  it  was  deemed  appropriate 
to  review  the  state  of  RSI  technology  at  this  time.  Therefore,  Ames 
Research  Center,  under  the  auspices  of  the  Shuttle  Thermal  Protection 
Systems  and  Materials  Technology  Working  Group,  hosted  a three-day 
symposium  on  Reusable  Surface  Insulation  for  Thermal  Protection  of 
the  Space  Shuttle  on  November  1-3,  1972. 

The  objective  of  this  symposium  was  to  define  the  state-of-the-art 
for  RSI  materials f The  meeting  was  divided  into  five  sequential  half- 
day sessions;  each  session  addressing  a specific  technology  area. 

The  first  session  "RSI  Fabrication  and  Improvement"  was  chaired  by 
Howard  E.  Goldstein  of  NASA-Ames,  and  included  papers  discussing  the 
development  of  silica,  mullite  and  alumino-silicate  RSI  materials. 
Rigid  and  flexible  RSI  materials  were  described.  The  results  reported 
showed  that  mullite,  silica  and  alumino-silicate  rigid  fibrous  RSI 
materials  could  be  fabricated  reproducibly . One  paper  described  a 
somewhat  different  RSI  concept,  a rigid  closed  pore  alumino-silicate 
insulation  having  good  physical  stability.  Also  described  was  a 
silica  non-rigid  insulation  which  offers  the  possibility  of  minimizing 
strain  compatibility  problems  with  the  structure.  While  substantial 
improvements  have  been  made  in  the  past  two  years,  it  was  pointed  out 
by  many  of  the  papers  that  much  effort  is  still  required  to  optimize 
the  RSI  materials.  Substantial  improvement  in  physical  properties  and 
thermal  stability  should  be  expected  with  continued  research. 

The  second  session  "RSI  Morphology  and  Properties"  was  chaired  by 
Salvatore  J.  Grisaffe,  NASA-Lewis , and  included  papers  describing  the 
detailed  mechanical  and  thermophysical  properties  of  the  rigid  fibrous 
RSI  materials  and  their  coatings.  The  mechanical  properties  as  a 
function  of  temperature  for  RE!  mullite  and  LI-1500  were  presented. 

One  paper  described  a comparison  of  the  mechanical  and  thermophysical 
properties  of  HCF,  RE I mullite,  and  LI-1500.  Radiant  energy  transmis- 
sion through  mullite  RSI  was  discussed  in  one  paper  and  the  high 
temperature  surface  optical  properties  of  all  the  RSIs  were  discussed 
in  another  paper.  The  final  paper  described  the  microstructure  of 
mullite  fibers.  This  session  demonstrated  that  the  mechanical  proper- 
ties of  the  RSI  materials  are  reasonably  well  understood,  though  the 
precision  of  the  reported  values  is  still  in  doubt.  Thermal  conduc- 
tivity, particularly  radiant  heat  transfer  effects,  are  not  well 
defined  for  the  fibrous  mullite  materials,  Emittances  of  the  surface 
coatings  of  all  the  RSI  materials  are  still  questionable  and  require 
further  study. 
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The  third  session  "Environmental  Testing  I"  was  chaired  by  David  H. 
Greenshields , NASA-MSC,  and  described  the  results  of  arc-plasma 
testing  of  the  RSI  materials.  Most  of  these  papers  were  concerned 
with  both  techniques  for  proper  convective  heating  environment 
simulation  and  the  response  of  the  materials  to  the  environment. 

Two  papers  described  thermal  response  in  gaps  due  to  laminar  and 
turbulent  heating,  respectively.  In  both  studies,  large  panels 
simulating  shuttle  heat  shield  configurations  were  used.  Other 
papers  described  the  internal  thermal  response,  catalytic  wall 
effects  and  material  response  to  cyclic  heating.  These  studies 
were  carried  out  on  small  models  in  uniform  stagnation  region  heat- 
ing regimes.  Significantly  higher  thermal  efficiency  was  reported 
for  silica  RSI  compared  with  mullite  RSI.  Silica  RSI  coatings  were 
also  shown  to  be  more  chemically  stable  and  less  subject  to  crack- 
ing due  to  thermal  shock. 

The  fourth  session  "Environmental  Testing  II"  was  chaired  by  John  D. 
Buckley,  NAS A-Langley , and  included  papers  that  discussed  the  results 
of  several  diverse  environmental  testing  programs.  There  were  papers 
on  the  response  of  the  RSI  coatings  in  both  convective  and  radiative 
heating  environments.  In  these  papers,  emphasis  was  placed  on  the 
chemical  and  morphological  changes  that  occur  due  to  each  heating 
environment.  Significant  differences  were  shown  between  the  effects 
of  radiant  and  convective  heating.  Convective  heating  was  shown  to 
have  more  severe  effects.  Other  papers  in  the  session  described  the 
effects  of  combined  salt  spray  and  cyclic  radiant  heating.  It  was 
shown  that  salt  spray  is  more  deleterious  for  silica  than  for  mullite. 
Cold  soak,  acoustical  rain  erosion,  and  meteoroid  impact  tests  were 
also  described.  The  results  of  large  panel  tests  in  radiant  heating 
and  acoustic  environments  showed  the  silica  RSI  to  be  more  stable. 
Mullite  materials  experienced  thermos  true tural  failures  in  these  tests. 

The  fifth  session  "Thermal  Protection  System  Design  and  Optimization" 
was  chaired  by  George  Strouhal,  NASA-MSC,  and  included  papers  describ- 
ing a number  of  specific  design  problems.  Among  these  problems  were 
the  adhesive  cold  soak,  the  effect  of  optical  properties  on  thermal 
design  and  techniques  for  mechanical  attachment  of  RSI  to  the  struc- 
ture. The  design  concept  of  a non-rigid  silica  heat  shield  was 
described.  Papers  on  mullite  and  silica  RSI,  respectively,  contrasted 
the  design  philosophies  and  development  maturities  of  the  respective 
systems.  Finally,  a paper  on  thermos tructural  analysis  of  RSI  applica- 
tion showed  that  mullite  was  much  more  subject  to  thermal  stress 
failure  than  silica. 

In  conclusion,  it  is  felt  that  the  Symposium  fulfilled  its  intended 
purpose  in  providing  an  "open  forum"  for  Industry  and  Government  to 
present,  receive,  and  discuss  the  most  recent  results  of  a young, 
intensive  technology  program.  NASA  needed  the  results  of  this  RSI 
technology  program  in  order  to  make  important  decisions  as  to  which 
of  the  RSI  materials  to  choose  for  the  shuttle  heat  shield.  Early 
in  1973,  NASA  made  the  announcement  that  silica  was  chosen  for  the  base 
material  and  that  a coating  with  a ratio  of  solar  absorbtance  to  room 
temperature  emittance  of  1.0  would  be  baselined. 
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inches),  can  accommodate  test  panels  up  to  20  x 51  cm  (8  x 20  inches)  in  planform.  The  first  RSI  panels  to 
be  tested  in  this  facility  were  obtained  through  the  NASA-Manned  Spacecraft  Center  from  three  RSI  contracto 
Lockheed  Missiles  and  Space  Company,  General  Electric  Company,  and  McDonnell  Douglas  Astronautics.  This 
paper  describes  the  facility  and  presents  the  results  of  preliminary  tests  performed  on  20  x 25.4  cm  (8  x 1< 
inch)  panels — the  first  TPS  tests  to  be  performed  in  this  facility. 
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SUPERSONIC  NOZZLE  (M=3.5) 
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Figure  2 


COMPARISON  OF  HEATING  RATES  USING  AIR  ONLY  WITH  ARGON  + AIR  MIXTURE 
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SIMULATION  OF  SPACE  SHUTTLE  AREA  2 TRAJECTORY 
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Figure  4 
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Figure  8 


LOCKHEED  LI-1542  PANEL  AFTER  6 CYCLES 
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Figure  1 


PLASMA  WEDGE  TEST  FIXTURE  FOR  EVALUATING  JOINTS,  GAPS,  AND  STEPS 
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PLASMA  WEDGE  TEST  FIXTURE  FOR 
EVALUATING  JOINTS,  GAPS  AND  STEPS 
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BASIC  TEST  FIXTURE  ALSO  FABRICATED  BY  MDAC  (SSTP) 

Figure  2 


MODELS  FOR  ARC  TUNNEL  TESTS  OF  JOINTS  AND  GAPS 
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MODELS  FOR  ARC  TUNNEL  TESTS  OF  JOINTS  AND  GAPS 

(30.5  x 30.5  CM  TEST  FIXTURE) 
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Figure  3 


NASA-MSC  10  MW  ARC  TUNNEL 
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INSTALLATION  OF  HCF  JOINT  MODEL  IN  NASA-MSC  10  MW  ARC  TUNNEL 
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TESTING  OF  HCF  JOINT  MODEL  IN  NASA-MSC  10  MW  ARC  TUNNEL 
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TESTING  CONTOURED  JOINT  IN  THE  NASA-MSC  10  MW  ARC  TUNNEL 
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MEASURED  TEMPERATURE  OF  HCF /JOINT  MODEL  IN  MSC 
10  MW  ARC  TUNNEL 
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MEASURED  TEMPERATURE  OF  HCF/JOINT  MODEL 
IN  MSC  10  MW  ARC  TUNNEL 

0J27  cm  (0.050  in.)  T)  MOUNTING  and  base  plates 
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(Z)  DISTANCE  FROM  BONDLINE 


BONDLINE  THERMAL  RESPONSE  AT  INTERSECTION  OF  TILES 
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BONDLINE  THERMAL  RESPONSE  AT  INTERSECTION  OF  TILES 

WITH  A FORWARD  FACING  STEP 

. 5.1  cm  (2.0  ill)  HCF  TILES 
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GAP  WIDTH  (W) 


BONDLINE  HEAT-UP  IN  TRANSVERSE  GAPS  (LOCATION  K) 
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TEMPERATURE  RESPONSE  IN  PARALLEL  GAP  OF 
3.18  cm  (1.25  inlBUTT  AND  CONTOURED  JOINTS 
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BASE  PLATES 
MEASURED  TEMPERATURE 
RESPONSE  AT  HCF  BONDLINE 


PLASMA  WEDGE  SPECIMENS  - CONTOURED  JOINT 
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PLASMA  WEDGE  SPECIMENS  - CONTOURED  JOINT 

(HCF  JOINT  TESTING) 
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5.08cm  (2.00 in.)  TILE  THICKNESS 


SCHEMATIC  OF  FLOW  WITHIN  CONTOURED  JOINT 
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TRANSVERSE  GAP  (A-A) 
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CONVECTIVE  HEATING  IN  UPSTREAM  GAP 
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Figure  15 


CONVECTIVE  HEATING  IN  DOWNSTREAM  GAP 
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CONVECTIVE  HEATING  IN  DOWNSTREAM  GAP 

(LOCATION  F) 
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SENSITIVITY  OF  TPS  HEAT-UP  TO  GAP  HEATING  DISTRIBUTIONS 

DERIVED  FROM  ARC  TUNNEL  TESTS 
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COMPARISON  OF  DERIVED  HEATING  DISTRIBUTIONS  WITH  SEVERAL  THEORIES 
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DISTANCE  FROM  SURFACE 
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ADAPTER  FIXTURE  FOR  MSC  10  MW  CHANNEL  NOZZLE 
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ADAPTER,  HCF  GUARDS,  AND  TILE  SET  (11)  FOR  MSC  10  MW  ARC  TUNNEL  TESTS 
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ADAPTER,  HCF  GUARDS,  AND  TILE  SET  (11) 
FOR  MSC  10  MW  ARC  TUNNEL  TESTS 
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METALLIC  COMPONENTS  FOR  THE  WIND  TUNNEL  TESTS  OF  RSI-TPS 
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METALLIC  COMPONENTS  FOR  THE  WIND  TUNNEL  TESTS  OF  RSI-TPS 

(MACH  10  CONTINUOUS  FLOW  HYPERSONIC  TUNNEL) 
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Figure  26 


CONTINUOUS  FLOW  HYPERSONIC  TUNNEL  (CFHT)  NASA-LaRC 
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CONTINUOUS  FLOW  HYPERSONIC  TUNNEL  (CFHT)  NASA  - LaRC 

(MACH  10) 


FLOW  IS  FROM  LEFT  TO  RIGHT 


ARC  TUNNEL  TESTS  AT  50  MW  (WRIGHT  FIELD) 
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ARC  TUNNEL  TESTS  AT  50  Mw  (WRIGHT  FIELD) 

(TENTATIVE) 
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FACES  OF  TILES  INSTRUMENTED 
INDEPTH  THERMOCOUPLE 
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WEDGE  45.7X45.7 cm  (l8XI8in)  TEST-WRIGHT  FIELD’S  50  MW  (TENTATIVE) 
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used  in  conjunction  with  the  guarded  hotplate  measured  Mod  IA  REI-Mullite  thermal  conductivity  data , produce  excel- 
lent agreement  between  measured  and  predicted  temperature  response  for  both  transient  and  steady  state  conditions. 

The  need  for  consideration  of  the  real  backside  boundary  conditions  rather  than  the  assumption  of  adiabatic  con- 
ditions was  shown  to  be  important  as  a result  of  the  analyses  conducted  relative  to  the  NASA-MSC  prototype  panel  test 
results. 
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Figure 


HIGH  TEMPERATURE  EVALUATION  OF  COATED  REI-MULLITE 

(Figure  2) 
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A calorimeter  coated  with  1 mil  of  teflon  gave  a heat  flux  reading  only  7 to  13  percent  lower  than  an  uncoated 
calorimeter.  This  indicated  that,  in  the  GE-RESD  facility,  there  would  be  no  difference  observed  between  the  tempera- 
ture  response  of  a fully  noncatalytic  or  fully  catalytic  coating* 


HIGH  TEMPERATURE  EVALUATION 
OF  COATEO  REI-MULLITE 
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REI.  5 X 5 X 2.5  cm  (2  X 2 X 1 IN.) 


PLASMA  ARC  TEST  RESULTS 

(Figure  3) 
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Reported  in  the  April  1972  Monthly  Status  Report  for  NASA  Space  Shuttle  Structures  and  Technology  Working  Group 


PLASMA  ARC  TEST  RESULTS 
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aavjuns 


SR-2  COATING  SURFACE  EMITTANCE 

(Figure  4) 
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SR-2  COATING  SURFACE  EMITTANCE 
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TEMPERATURE 


SUMMARY  OF  HIGH  TEMPERATURE  CHARACTERISTICS 
OF  COATED  MOD  IA  REI-MULLITE 

(Figure  5) 
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Figure 


THERMAL  DESIGN  MODEL  VERIFICATION 

(Figure  6) 
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and  recorded  with  the  other.  Gaps  between  the  model  and  the  foamed  quartz  were  stuffed  with  mullite  fibers. 


THERMAL  DESIGN  MODEL  VERIFICATION 
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LOCAL  PRESSURE  ~ 103  N/m2  (10*2  ATM)  AND  105  N/m2  (1  ATM) 


REI-MULLITE  THERMAL  RESPONSE  AT  1 ATM  TEST  PRESSURE 

(Figure  7) 
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REI-MULLITE  THERMAL  RESPONSE 
AT  1 ATM  TEST  PRESSURE 
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TRANSIENT  RESPONSE  STEADY  STATE  RESPONSE 


REI-MULLITE  THERMAL  RESPONSE  AT  10*2  ATM  TEST  PRESSURE 

(Figure  8) 
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REI-MULLITE  THERMAL  RESPONSE 
AT  10-2  ATM  TEST  PRESSURE 
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ESTABLISHMENT  OF  REI-MULLITE  THERMAL  DESIGN  MODEL 

(Figure  9) 
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ESTABLISHMENT  OF  REI-MULLITE 
THERMAL  DESIGN  MODEL 
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THERMAL  CONDUCTIVITY  DESIGN  CURVES  COMPARISON  OF  STEADY  STATE  THERMAL  PREDICTIONS 


SUMMARY  OF  THERMAL  DESIGN  MODEL  VERIFICATION  ANALYSES 

(Figure  10) 
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WITH  TEST  RESULTS 


REI-MULLITE  TRANSMITTANCE 

(Figure  11) 
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REI-MULLITE  TRANSMITTANCE 
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, SURFACE  DENSITY,  Kg/m 


SHINE-IN  PENETRATION  DEPTH  FOR  AREA  2P  PROTOTYPE  PANEL  TEST 

(Figure  12) 
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SHINE-IN  PENETRATION  DEPTH  FOR  AREA  2P 
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Figure  12 


SHINE-IN  CORRECTION  EFFECTS  ON  THERMAL  DESIGN  MODEL 

(Figure  13) 
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SHINE-IN  CORRECTION  EFFECTS 
ON  THERMAL  DESIGN  MODEL 
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COMPARISON  FOR  TESTS  COMPARISON  FOR  TESTS 

AT  ATMOSPHERIC  PRESSURE  AT  103  N/iti2  (10-2  ATM) 


COMPARISON  OF  REI-MULLITE  TRANSIENT  TEMPERATURE  RESPONSE  WITH 
PREDICTIONS  MADE  WITH  AND  WITHOUT  SHINE-IN  CORRECTIONS 

(Figure  14) 
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COMPARISON  OF  REI-MULLITE  TRANSIENT 
TEMPERATURE  RESPONSE  WITH  PREDICTIONS  MADE 
WITH  AND  WITHOUT  SHINE-IN  CORRECTIONS 

NASA  MSC  AREA  2P  PROTOTYPE  PANEL  TEST 
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OF  MOD  IA  REI-MULLITE  TRANSIENT  RESPONSE  FOR  NASA-MSC 

FROM  GE-RESD  TESTS  AREA  2P  PROTOTYPE  PANEL 


COMPARISON  OF  REI-MULLITE  TRANSIENT  TEMPERATURE  RESPONSE 

WITH  PREDICTIONS 

(Figure  15) 
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COMPARISON  OF  REI-MULLITE  TRANSIENT 
TEMPERATURE  RESPONSE  WITH  PREDICTIONS 
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TIME,  SECONDS 


FUNCTIONAL  DEPENDENCE  OF  SHINE-IN  COEFFICIENTS 

(Figure  16) 
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TEMPERATURE, 


THERMAL  MODEL  VERIFICATION  SOMMARY 
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Figure  17 


THERMAL  STRESS  IMPLICATIONS  OF  SHINE-IN  GRADIENT 

(Figure  18) 
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DEPTH,  INCHES 

Figure  18 


SUMMARY 

(Figure  19) 
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PLASMA  ARC  TESTING  TECHNIQUES  FOR  SPACE  SHUTTLE 
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DETAILS  OF  RSI  SPECIMEN  HOLDER  USED  IN  PLASMA-ARC  EXPOSURES 
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Figure  4 


ENVIRONMENTAL  CONDITIONS  FOR  COATED  RSI  PLASMA-ARC  EXPOSURES 
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Figure  5 


COMPARISON  OF  SPECIMEN  SURFACE  TEMPERATURES  OBTAINED  FROM  PYROMETERS 
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F igure  6 


NOMINAL  SPECIMEN  SURFACE  TEMPERATURE  VARIATION  IN  FLOW  DIRECTION 
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See  reference  (7)  for  detailed  discussion  on  calibration  of  infrared  film  and  application 
of  infrared  photographic  techniques  to  plasma  arc  testing. 


NOMINAL  SPECIMEN  SURFACE  TEMPERATURE  VARIATION  IN  FLOW  DIRECTION 
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Figure  7 


INFRARED  PHOTOGRAPH  OF  GE  SPECIMENS  DURING  PLASMA-ARC  EXPOSURE 
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Figure  8 


INFRARED  PHOTOGRAPH  OF  LMSC  SPECIMENS  DURING  PLASMA-ARC  EXPOSURE 
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INFRARED  PHOTOGRAPH  OF  LMSC  SPECIMENS  DURING  PLASMA-ARC 
EXPOSURE 

Note:  Arc-heated  qas  flow  is  from  left  to  right. 
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Figure  9 


INFRARED  PHOTOGRAPH  OF  MDAC  SPECIMENS  DURING  PLASMA-ARC  EXPOSURE 
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INFRARED  PHOTOGRAPH  OF  MDAC  SPECIMENS  DURING  PLASMA-ARC 
EXPOSURE 
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Figure  10 


ISODENSITY  CONTOURS  OF  INFRARED  PHOTOGRAPH  - GE  SPECIMENS 
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Figure  1 1 


ISODENSITY  CONTOURS  OF  INFRARED  PHOTOGRAPH  - LMSC  SPECIMENS 
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ever,  one  of  the  coatings  did  fail,  and  this  failure  is  discussed  here.  The  test  results  also  indicate 
that  the  HCF  samples  experience  higher  surface  temperatures  than  the  other  materials  at  heating  rates 
greater  than  q « 225  kw/m2  (20  Btu/ft2sec) . The  REI  and  LI-1542  coatings  show  noncatalytic  wall  behav- 
ior. Internal  temperature  response  data  for  the  materials  are  compared  and  are  correlated  with 
analytical  predictions. 
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are  discussed  in  this  paper.  The  second  part  of  the  investigation  dealing  with  coating  morphology  and 
chemistry  changes  is  reported  in  another  paper  in  this  volume  entitled,  "Chemical  and  Morphological 
Change  of  Reusable  Surface  Insulation  Coatings  as  a Function  of  Convectively  Heated  Cyclic  Testing," 
by  D.B.  Leiser,  D.A.  Stewart,  and  H.E.  Goldstein. 
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Figure  1 


MODEL  CONFIGURATION 
(Figure  2) 
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Figure  2 


MULTIPLE  SAMPLE  CONFIGURATION 
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multiple  sample  configuration 


TRAJECTORY  SIMULATION  USING  ARC  PLASMA  FACILITY  AND  PREHEATER 
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assuming  an  equilibrium  boundary-layer  edge  condition.  In  addition,  the  stagnation  point  heating  rate 
to  the  sample  was  obtained  by  correcting  the  calorimeter  measurement  taken  from  the  sample  holder  and 
using  the  convective  heating  rate  distribution  theory  of  Lees  (refs.  5-6) . A more  detailed  description 
of  the  facility  is  given  in  reference  7. 
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Figure  4 
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SUMMARY  OF  ARC  PLASMA/ RADIANT  HEATED  TEST.  RESULTS  ON  RSI  CANDIDATE  MATERIALS 

D = 10  cm,  PQ  = 810  N/m2 
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Four  REI  samples  were  tested.  First,  an  REI-MOD  I material  was  tested  33  cycles  at  heating 
rates  from  q = 225  kw/m2  (20  Btu/ft2sec)  to  q = 450  kw/m2  (40  Btu/ft2sec) . Next,  three  samples 
made  from  REI-MOD  1A  material  having  a density  of  192  kg/m3  (12  lb/ft3)  were  tested.  The  first  of 
these  samples,  identified  with  an  asterisk,  had  a thickness  of  4.8  cm  (1-7/8  in.).  This  REI-MOD  1A 
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SUMMARY  OF  ARC  PLASMA/RADIANT  HEATED  TEST 
RESULTS  ON  RSI  CANDIDATE  MATERIALS 
D = 10  cm,  p„  = 810  N/m2 
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Figure  5 
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As  mentioned  earlier,  the  coating  on  the  two  REI-MOD  1A  10  cm  (4.0  in)  diameter  samples  cracked 


CO 

d 

CO 

d 

2 

nd 

•H 

CO 

•H 

a 

CU 

cd 

cd 

CO 

G 

44 

4-4 

d 

rH 

rH 

G 

rd 

o 

CO 

d 

CU 

£ 

50 

o. 

rH 

4-J 

X 

cu 

*H 

rd 

O 

cu 

CM 

G 

cd 

4J 

4-4 

rd 

rd 

to 

G 

4-4 

nd 

G 

U 

d 

CO 

4-4 

4-J 

G 

G 

G 

rd 

G 

u 

CO 

£ 

d 

*H 

'G 

IH 

4-J 

u 

cd 

Cd 

o 

•H 

CO 

44 

CD 

d 

G 

d 

•H 

o 

O 

cd 

G 

G 

44 

50 

CO 

CO 

d 

a 

G 

rH 

G 

O 

g 

cu 

X 

£ 

50 

cu 

CO 

50 

rd 

*H 

•H 

pH 

g 

CD 

o 

d 

50 

■H 

d 

4-1 

G 

CO 

4-J 

4-4 

a 

•H 

rd 

*H 

> 

•H 

44 

G 

G 

G 

p^ 

rd 

CO 

4-4 

CU 

4-4 

O 

CO 

G 

G 

a 

CU 

cd 

£ 

cd 

4-4 

50 

CO 

«H 

X 

i — 1 

co 

O 

CU 

O 

O 

d 

G 

G 

X 

Ot 

*H 

a 

rd 

pH 

G 

•H 

Ih 

*H 

G 

•H 

CO 

a 

4-4 

4-1 

4-J 

44 

CO 

cu 

cd 

50 

cu 

CU 

G 

G 

CO 

44 

u 

1 — 1 

CO 

d 

rd 

44 

rd 

rd 

O 

G 

cd 

u 

B* 

4-J 

cd 

4-4 

4-J 

G 

G 

rH 

O 

cu 

a 

CU 

4-4 

cu 

44 

G 

G 

co 

4-1 

cd 

X 

cd 

44 

d 

44 

44 

d 

G 

a 

G 

44 

CO 

4-» 

o 

O 

O 

O 

CO 

rd 

Ih 

d 

pH 

cd 

g 

50 

o 

4J 

G 

o 

a 

cu 

MH 

u 

d 

50 

44 

EH 

rd 

•H 

nd 

CO 

O 

cu 

cu 

««H 

d 

G 

4-J 

4-4 

CO 

a 

cu 

<U 

rd 

4-4 

4-J 

•H 

4-4 

G 

G 

d 

rM 

rd 

4-4 

d 

cd 

a 

d 

rd 

rd 

G 

G 

a 

4-4 

5 

cu 

o 

cd 

G 

4-4 

50 

a 

a) 

cd 

•H 

4-1 

a 

o 

o 

G 

44 

*H 

x 

u 

m 

> 

o 

44 

G 

rd 

G 

,13 

G 

o 

cu 

CU 

G 

4-J 

G 

4J 

4-4 

u 

rd 

rd 

4-J 

rd 

44 

4-4 

o 

T — i 

cu 

4-4 

d 

CU 

4-4 

4-4 

d 

4-1 

G 

G 

4-4 

G 

M 

1 — i 

CO 

o 

4-4 

CU 

G 

a 

G 

&* 

u 

u 

d 

44 

M 

44 

44 

>* 

*H 

T3 

H 

4-J 

S 

•H 

MH 

cu 

O 

cu 

cd 

O 

G 

rG 

G 

G 

44 

cd 

44 

g 

cm 

Ih 

d 

4-4 

rG 

Cd 

CO 

> 

d 

£ 

£ 

50 

*H 

d 

4-1 

CU 

cu 

CU 

d 

<* 

G 

rd 

u 

rG 

rd 

•H 

•H 

G 

CO 

G 

g 

g 

H 

• 

4-4 

> 

4-J 

> 

4-J 

Ih 

rG 

rd 

cu 

CO 

O 

CO 

4-J 

4-4 

a 

4-4 

u 

44 

nd 

d 

0) 

r0 

4-1 

G 

4-> 

cd 

O 

• 

d 

O 

cu 

n 

44 

G 

4-J 

G 

d 

u 

50 

*H 

d 

•H 

d 

'H 

a 

CU 

g 

•H 

£ 

44 

rH 

50 

44 

G 

G 

CO 

X 

cu 

4-1 

CU 

*H 

cd 

-H 

H 

G 

rd 

*H 

G 

a> 

4-1 

CO 

d 

•H 

44 

d 

44 

4-J 

50 

iH 

CM 

CO 

> 

50 

Ih 

50 

50 

G 

d 

& 

d 

4-J 

•H 

cd 

G 

CU 

2 

1 

JH 

Ih 

G 

S 

o 

44 

rd 

a 

4-4 

rd 

a 

rd 

G 

d 

rG 

cd 

4-4 

CU 

cd 

4-1 

CO 

4-4 

rH 

G 

CO 

50 

d 

*H 

4-4 

a 

4-» 

■H 

44 

•H 

d 

4-4 

d 

44 

CO 

44 

CO 

d 

G 

G 

G 

G 

Pd 

•H 

CU 

cu 

O 

G 

£ 

44 

50 

G 

4-4 

d 

4-4 

4J 

4-4 

O 

CO 

U 

o 

cd 

d 

50 

1 

cd 

44 

1 

JH 

G 

50 

G 

o 

CM 

£ 

cd 

4-4 

u 

CU 

4J 

X 

G 

G 

rH 

a 

a 

v-/ 

o 

£3 

CO 

4-4 

d 

CO 

G 

*H 

o 

rd 

O 

CO 

c 

o 

G 

*H 

4-J 

G 

cu 

CM 

CO 

4-4 

04 

rd 

o 

CM 

CM 

G 

50 

rd 

a 

CO 

d 

G 

a 

O 

M 

a 

4-4 

CO 

(U 

<3 

co 

G 

o 

50 

G 

O 

•H 

4-» 

4-J 

rd 

Ih 

d 

4J 

nd 

J2 

1 

H 

rd 

4-J 

44 

•H 

G 

CO 

cd 

d 

CU 

m 

CO 

50 

4-J 

rd 

4-J 

o 

cd 

m 

g 

Ih 

cu 

Pi! 

•H 

50 

G 

H 

G 

g 

cu 

CM, 

Ih 

Ih 

X 

d 

O 

G 

/N 

CM 

CO 

d 

cu 

•H 

G 

•H 

G 

a 

CM 

<3 

50 

rd 

44 

T3 

4-J 

• 

'G 

rG 

cu 

II 

4-4 

•H 

4-J 

CU 

G 

G 

G 

G 

G 

Eh 

CO 

44 

44 

> 

4-4 

O 

rd 

G 

U 

CM 

•o4 

m 

5 

G 

G 

4-> 

G 

50 

4J 

d 

CU 

CU 

d 

rH 

G 

44 

• 

4-| 

44 

4-4 

u 

X 

cd 

•H 

G 

44 

Ih 

G 

a) 

o 

PQ 

d 

4-J 

G 

rd 

O 

G 

Ih 

50 

d 

50 

44 

rd 

d 

4-4 

4-4 

d 

4-4 

cu 

O 

•H 

44 

cu 

4-4 

•H 

d 

d 

4-J 

a) 

pq 

4-4 

CO 

44 

O 

d 

44 

o 

•H 

G 

cd 

v-/ 

M 

d 

CO 

O 

•H 

Ih 

g 

O 

u 

CU 

u 

o 

*H 

4-4 

50 

G 

• 

rd 

CO 

rd 

<0 

a 

G 

G 

d 

S4 

rH 

4-J 

x-/ 

50 

a 

4-4 

d 

0 

50 

50 

d 

*H 

a 

G 

d 

M 

4-4 

& 

d 

d 

•H 

4-4 

G 

•H 

V* 

CM 

•H 

& 

44 

o 

44 

O 

•r4 

G 

a 

G 

4-4 

Ih 

cd 

a 

4-4 

rS 

O 

o 

<u 

rd 

4-1 

rd 

G 

O 

G 

a) 

cd 

pH 

CO 

G 

G 

X 

G 

rd 

4-4 

a 

& 

cu 

o 

U 

4-4 

O 

m 

50 

2 

.£ 

rd 

<d- 

CU 

44 

Ih 

co 

G 

Ih 

G 

•H 

a 

co 

4-4 

CU 

CU 

•H 

O 

4-J 

rG 

H 

o 

rtf 

d 

rH 

£ 

CO 

rH 

• 

G 

50 

CU 

CU 

ll 

cu 

Ox 

CU 

•H 

O 

a 

U 

IH 

d 

JH 

CO 

cu 

g 

IH 

rH 

pH 

rd 

G 

G 

4-4 

G 

H 

CU 

d 

•cd4 

CU 

g. 

4-4 

G 

CO 

rd 

4-4 

11 

nd 

cu 

Oi 

CU 

G 

|H 

rd 

4-4 

G 

cu 

CU 

4-4 

rd 

& 

rd 

cd 

d 

rd 

4-1 

d 

,H 

O 

CO 

•o4 

u 

cd 

4-4 

d 

4-4 

CO 

•H 

4-1 

(0 

co 

G 

G 

576 


, ■ ' : v:-::'v;  • : • 


The  model  configuration  used  to  reduce  the  thermal  stresses  near  the  edge  of  the  REI-MOD  1A 
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THICKNESS,  X/L 

Figure  11 


EFFECT  OF  SURFACE  CATALYTIC  WALL  ACTIVITY  ON  SURFACE 


it 


r0 

4-1 

X 

d 

1 

P 

(U 

d 

G 

P 

> 

C0 

a 

• 

O 

•H 

a) 

rH 

CO 

XI 

CO 

M 

(U 

cd 

4-J 

4-> 

1 

CO 

cu 

U 

G 

O 

P 

H 

P 

cd 

60 

rH 

£ 

W 

g 

CO 

r\ 

d 

P 

Pd 

a) 

a) 

cd 

P 

M 

P 

CO 

4-J 

CO 

G 

X 

X 

a 

u 

cd 

d 

P 

d 

X 

a) 

(U 

X 

4-J 

o 

G 

O 

cu 

4-J 

w\ 

£ 

X 

CO 

G 

G 

✓~*\ 

d 

l 

r\ 

g 

CO 

CTi 

*H 

P 

/H 

d 

d 

o 

G 

I 

a 

CM 

o 

a) 

Cl 

X 

00 

x) 

XI  . 

1 

60 

So 

4-> 

G 

CO 

o 

p 

CO 

XJ 

G 

(X 

X 

M 

4-1 

44 

d 

XI 

v-^ 

a 

4-1 

P 

G 

G 

1 — 1 

4-J 

g 

P 

cd 

Cl 

U 

G 

M 

CU 

d 

a 

p 

S-X 

d 

X 

a) 

P 

Cl 

P 

d 

P 

xj 

xJ 

4-J 

G 

CO 

G 

O 

d 

CU 

4-» 

G 

G 

PS 

g 

cd 

o 

d 

G 

Ci 

G 

i 

4J 

P 

G 

G 

•H 

M 

G 

d 

o 

44 

4-J 

c 

<u 

Cl 

O 

U 

c\ 

2 

60 

G 

4-J 

d 

tH 

60 

P 

CO 

p 

G 

#* 

a 

X 

g 

U 

O 

4-J 

CM 

•H 

o 

G 

G 

O 

G 

'd* 

X 

xs 

rd 

P 

O 

G 

m 

G 

a 

d 

Cl 

4-J 

o 

tH 

G 

P 

cd 

o 

CM 

4-J 

I 

X 

g 

rH 

v-/ 

CO 

M 

O 

d 

G 

O 

P 

G 

4-1 

l 

M 

4-J 

$4 

g 

> 

cd 

P 

G 

0 

G 

o 

P 

EH 

G 

r^> 

CO 

XI 

X 

X 

P 

• 

d 

X 

G 

4-J 

P 

G 

O 

60 

CO 

o 

CO 

£ 

H 

0) 

d 

rH 

d 

rH 

d 

<3 

t> 

d 

P 

cd 

60 

o 

O 

a 

o 

N 

P 

li 

d 

U 

o 

P 

*H 

C 

rH 

*H 

CO 

o 

X 

rH 

G 

rH 

15 

4-J 

60 

H 

/■^ 

cd 

P 

4-J 

d 

Eh 

G 

d 

00 

(N 

a 

d 

4-J 

cd 

44 

O 

•H 

p4 

T— I 

G 

P 

d 

g 

4-J 

G 

4-J 

> 

x 

v— ' 

Xl 

G 

G 

P 

cu 

*H 

g 

M 

d 

o 

O 

o 

u 

60 

o 

cd 

CO 

G 

CO 

o 

G 

d 

a 

4-J 

P3 

G 

60 

G 

G 

cd 

G 

d 

P 

G 

2 

P 

U 

xj 

G 

P 

rH 

r^. 

rd 

x 

P 

x 

X 

4-J 

G 

C 

H 

H 

G 

Q 

G 

4-J 

> 

CO 

<d 

4-J 

u 

rH 

c\l 

2 

60 

d 

U 

G 

m 

♦ 

M 

d 

d 

4-» 

o 

4-J 

4-J 

S 

G 

& 

P 

o 

cd 

P 

G 

•H 

•H 

X 

■H 

Cl 

G 

> 

G 

4-J 

W 

cd 

4J 

cu 

G 

P 

H 

o 

cd 

P 

4-J 

kO 

CO 

XI 

rH 

o 

T— 1 

g 

cd 

rH 

CO 

4-J 

G 

(U 

cu 

u 

tH 

p 

*H 

4-J 

cd 

M 

4-J 

d 

g 

G 

60 

44 

G 

G 

p 

d 

CD 

d 

M 

o 

P 

a 

P 

Cl 

rH 

H 

CO 

cd 

4-J 

o 

G 

H 

CO 

G 

>> 

P 

cd 

44 

g 

G 

M 

a 

X 

G 

M 

P 

tH 

d 

d 

d 

X 

CO 

O 

o 

X 

(U 

CO 

G 

d 

S 

G 

cd 

P 

4-1 

Cl 

1 

■tH 

Cl 

O 

O 

d 

rH 

P 

4-J 

0) 

•H 

• 

4-J 

G 

CJ 

4-J 

p 

P 

Cl 

d 

G 

4-J 

PS 

•H 

a 

P 

G 

o 

Cl 

O 

rH 

a) 

CU 

> . 

*H 

G 

4-» 

G 

4-1 

cd 

4-J 

P 

X! 

G 

o 

r-i 

G 

g 

x) 

4J 

G 

P 

0 

G 

G 

CO 

o 

4-J 

to 

d 

4-J 

M 

15 

G 

cd 

u 

44 

d 

O 

5 

p 

P 

cd 

G 

CO 

X! 

u 

cd 

-a 

G 

G 

G 

CO 

60 

d 

4-J 

d 

G 

G 

d 

C0 

cd 

p 

CO 

44 

g 

G 

*H 

a 

O 

cd 

U 

4-J 

4-J 

<u 

X 

d 

4-J 

G 

G 

X 

CO 

Xl 

CO 

CO 

X 

O 

H 

4-J 

CD 

G 

G 

G 

P 

X 

4-J 

XI 

4-J 

G 

4-J 

4-J 

G 

1 

CO 

r^ 

XJ 

O 

4-J 

G 

G 

<3 

d 

d 

i — 1 

G 

Ci 

XI 

in 

cd 

•H 

P 

rH 

P 

H 

i 

1 

CM 

i 

15 

1 2 

P 

G 

O 

X 

P 

m 

Ci 

o 

PI 

• cr 

C 

P 

G 

X 

G 

o 

l 

Q* 

G 

X 

p 

p 

g 

o 

* 

4-> 

4-> 

G 

P 

G 

o 

X 

XJ 

G 

> 

X 

G 

Cl 

4-J 

G 

X 

!*! 

4-J 

G 

Ci 

X 

G 

CO 

o 

G 

60 

X 

G 

4-J 

G 

♦ 

p 

r->. 

60 

d 

4-J 

> 

G 

Cl 

1— 1 

X 

*H 

*H 

P 

P 

P 

G 

co 

4-J 

4-> 

X 

•H 

O 

H 

> 

G 

P 

CO 

G 

G 

CO 

d 

p 

X 

i_ < 

G 

G 

d 

G 

CO 

•H 

G 

> 

X 

•H 

XJ 

G 

CD 

XJ 

G 

d 

g 

d 

G 

G 

h 

•H 

4-J 

Ci 

G 

P 

X 

XJ 

G 

d 

CO 

G 

Cl 

X 

d 

u 

X 

CO 

G 

4-J 

Ci 

d 

G 

d 

G 

G 

5 

G 

G 

CO 

✓—N 

X 

C 

4-J 

O 

X 

P 

G 

Ci 

G 

G 

G 

rH 

P 

G 

G 

G 

CI 

£* 

U 

CO 

O 

X 

CO 

P 

G 

g 

G 

G 

G 

4-J 

CM 

P 

P 

G 

60 

X 

£ 

X 

O 

g 

X 

d 

4-J 

O 

d ' 

p 

G 

G 

•H 

4-J 

4-J 

o 

X 

G 

4-J 

4-J 

*H 

d 

P 

G 

G 

G 

G 

d 

X 

O 

G 

G 

G 

CO 

P 

o 

X 

G 

P 

XI 

G 

G 

X 

•H 

d 

G 

Ci 

G 

CO 

G 

4-J 

X 

o 

P 

d 

G 

G 

>> 

G 

•H 

• 

p 

h 

CO 

X 

4H 

P 

g 

CO 

r> 

X 

d 

4-J 

Ci 

G 

o 

p 

p 

CO 

d 

d 

d 

G 

p 

S—/ 

CO 

p 

MH 

C0 

G 

P 

G 

o 

d 

O 

X 

CM 

p 

p 

XI 

G 

P 

G 

g 

G 

G 

G 

G 

Ci 

Ci 

XI 

XJ 

G 

60 

4-J 

G 

G 

G 

G 

Ci 

d 

•H 

5 

P 

X 

G 

G 

P 

G 

P 

g 

P 

X 

Cl 

C0 

Ci 

G 

G 

CO 

O 

O 

X 

P 

4-J 

X 

60 

G 

O 

CO 

X 

G 

G 

G 

d 

CM 

X 

CO 

X 

G 

*H 

d 

d 

X 

G 

4-J 

G 

4-J 

*H 

li 

G 

CO 

P 

G 

G 

> 

G 

P 

u 

r—\ 

G 

O 

XI 

G 

60 

G 

G 

P 

P 

G 

G 

X 

Ci 

C 

g 

> 

d 

Ci 

X 

• cr 

p 

G 

CO 

O 

p 

d 

P 

P 

HI 

CO 

d 

G 

o 

G 

G 

G 

2 

CO 

> 

X 

G 

X 

■H 

x 

G 

o 

X 

X 

4-J 

X 

d 

X 

u 

X 

X 

X 

>> 

G 

G 

d 

G 

60 

CM 

rH 

X 

G 

X 

d 

CD 

<1* 

G 

X 

d 

CO 

o 

X 

in 

4-J 

G 

i — 1 

P 

G 

G 

d 

p 

p 

G 

P 

d 

CJ 

X 

G 

X 

l 

G 

P 

X 

X 

g 

G 

p 

p 

d 

g 

G 

M 

X 

£ 

P 

o 

G 

60 

G 

G 

60 

d 

CO 

d 

X 

Ci 

60 

P 

G 

G 

•H 

4-1 

X 

d 

X 

X 

CM 

CO 

CO 

•H 

P 

X 

rH 

<1* 

tD 

X 

X 

CO 

P 

rH 

in 

d 

G 

G 

G 

P 

XI 

G 

p 

G 

d 

G 

5 

d 

*rl 

I 

• 

CO 

X 

Q 

G 

4-J 

H 

/•N 

CO 

G 

60 

S 

d 

P 

G 

d 

p 

X 

d 

£3 

r— , 

G 

G 

o 

P 

< 

p 

l 

/-N 

CO 

G 

CO 

X 

P 

P 

CO 

X 

CM 

> 

G 

G 

u 

o 

G 

4-J 

4-J 

Ci 

u 

• 

O 

X 

O 

P 

G 

G 

CO 

G 

r>- 

G 

d 

P 

Cl 

G 

Cl 

o 

d 

g 

G 

G 

CM 

X 

CM 

G 

4-> 

P 

X 

X 

X 

J5 

60 

PQ 

X 

X 

x 

o 

d 

CO 

O 

p 

«\ 

X 

/“N 

•H 

X) 

d 

I 

rO 

CM 

4-J 

• 

5 

•H 

G 

p 

Cl 

p 

1 

G 

X 

P 

G 

o 

O 

p 

60 

CO 

X 

g 

o 

CO 

G 

d 

X 

G 

g 

o 

*H 

d 

d 

X 

d 

O 

G 

CM 

4-J 

G 

o 

X 

C0 

CM 

CM 

X 

g 

G 

d 

1 

4-J 

O 

•H 

X 

d 

d 

pc3 

G 

g 

o 

o 

p 

X 

CO 

X 

G 

d 

o 

s— - ' 

M 

CM 

X 

G 

G 

O 

d 

X 

Ci 

CM 

< 

> 

o 

in 

o 

d 

d 

X 

rH 

G 

CM 

< — i 

G 

X 

X 

p 

584 


1467°K  (2000°F  to  2181°F) ] because  of  the  catalytic  wall  activity.  The  importance  of  catalytic  wall 
behavior  is  realized  in  the  interpretation  of  arc  plasma  test  results,  but  has  yet  to  be  determined 
in  the  design  weight  of  a shuttle  heat  shield. 


EFFECT  OF  SURFACE  CATALYTIC  WALL  ACTIVITY  ON  SURFACE 
TEMPERATURE  OF  RSI  COATING 
ps  = 810  N/m2 

800  r (a)  HCF  INSULATION  MATERIAL  _ 
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HOT-WALL  STAGNATION  POINT  HEATING  RATE,  5 -,  kW/m2 


VARIATION  OF  OPTICAL  PROPERTIES  OF  RSI  COATINGS 
AFTER . ARC  PLASMA  TESTING 
q = 340  kw/m2 
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5.  From  these  data  it  is  apparent  that  the  LI-1542  coating  was  the  most  stable  and 
the  HCF-MOD  III  the  least  stable  of  the  coatings  based  on  changes  in  surface  morphology  and  optical 
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CONTRACT  TEST  PROGRAM  OBJECTIVES  (NAS2-6445) 
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* Metallics,  carbon-carbon  composites,  and  ablators  were  also  evaluated  under  the  program. 


CONTRACT  TEST  PROGRAM  OBJECTIVES  (NAS2-0W5) 
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Figure  1 
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SCOPE  AND  COST  OF  TESTS 
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Figure  2 


DESCRIPTION  OF  RSI  MATERIALS  TEST 
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DESCRIPTION  OF  RSI  MATERIALS  TEST 
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Figure  3 


TEST  SETUP 
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SURFACE  CATALYCITY  RESULTS 
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RSI  MATERIALS  EXHIBIT  A WIDE  RANGE  OF  SURFACE  EMITTANCE  AND  CATALYTIC  AC- 
TIVITY DEPENDING  ON  THE  SURFACE  COATING 
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Test  model  singularity  regions  which  may  influence  material  response  and 

WHICH  ARE  NOT  TYPICAL  OF  THE  FLIGHT  APPLICATION  SHOULD  BE  AVOIDED. 


PHASE  II  CONTRACT  TEST  PROGRAM  (NAS2-6600) 
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PHASE  II  CONTRACT  TEST  PROGRAM  (NAS2-6600) 
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Enthalpy  from  1.7  x 10  to  M x 10  J/kg  (7500  to  19/000  Btu/lb) 
Test  Procedure 

Same  as  Phase  I except  10  or  15  minute  cycles 

Figure  14 


w 

o 

a 

§ 

w 

w 

ptf 


H CD 
CD  -H  • 
X > 

Xi  X 

o a cd 

•H  XI 

co  cd  co 

iH  +J  *H 
CD  S^«  rH 
•H  P X 
H O P 
(US  ft 


a) 

x> 


£ 

CO 

PH 

H 


o 

*H 

XI 

a) 

> 

u 

CD 

■M 

•H 

•8 

O 


P 

i-O 

CO 

4-t 

O 

60 

a 

*rl 

a 

CD 

CD 

U 

a 

co 

rH 

cD 


CD  ^ 

M . 
O P4 
PhO 


< 

CO 

g 


CM 

r^. 

os 


^r 

cm 


co 

So 

< 


\o 

m 

i 

CM 

r>. 


- o 

co 


a) 

XI 

H 


o 

PH 

(D 

P4 


•H 

X 

a ^ 
o s 
u ft 

CD 

* 50X 


• 

a 

4-» 

is 

•H 

o 

4-1 

p 

cD 

<D 

X! 

CD 

<d 

o 

m 

X 

& 

cD 

#s 

> 

•H 

M 

•H 

a 

CD 

U 

u 

<H 

O 

o 

CD 

CD 

M-4 

CD 

> 

•H 

XJ 

a 

rH 

a 

o 

cD 

co 

o 

U 

622 


624 


.5 

£ 

© 

© 

© 


.3 

£ 

© 

biD 

-§ 

a 

© 

00 

CO 


1 

43 

© 

a 

o 

o 


*?§ 

4-d 

I 

!h 

© 

ft 

© 

3 

£ 


£ >> 

-i--> 


i 

bO 

5 

3 

© 

ft 

m 

I 

o 


.3  ^ 


a 
© 
i— i 

g 

o 

H 


I 

I 


a 

JS 

"8 

© 

& 

g. 

3 


<N 


© 

M 

© 

© 

© 


© 


I J 

id  »-* 


I 

3 

$H 

© 

& 

© 

! 

i 

13 


0* 

U 

I 

CD 

Eh 


I 

*0 

iH 

o 

O 


a 

§ 

© 

© 

.3 

ro 

I 

© 

s 

© 

I 


U 

& 

© 

a 


CO 


a 

o 

© 


© 

© 


© 

© 

«a 

© 

a 

i 

i 

is 

© 

8. 

GO 


5 

© 

£ 

£ 

T3 

© 


© 

© 

ft 

© 


<N  ^ 

o tu 


W ft 


I 


8 


8 


© 

3 

8 


CQ 


625 


RESULTS  OF  DEVELOPMENT  TESTING  LMSC  SILICA  RSI 
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RESULTS  OF  DEVELOPMENT  TESTING  OF  LMSC  SILICA  RSI 
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Figure  1 


LI-1500/0042  COATING  100-CYCLE  TEST  PROGRAM 

(Figure  2) 
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LI-1500/0042  COATING  100  CYCLE  TEST  PROGRAM 
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COMPARISON  OF  MEASURED  AND  PREDICTED  PEAK  TEMPERATURES 
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POST-TEST  PHOTO  OF  LI-1500  AND  LI-900 
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MEAN  TEMPERATURE 


PREDICTABLE  THERMAL  PERFORMANCE 
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PREDICTABLE  THERMAL  PERFORMANCE 

TEST  PERFORMED  IN  NASA/ARC  ARC- PLASMA  FACILITY  - RUN  16 
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0042  COATING  IS  WATERPROOF  AFTER  NASA-ARC  TESTS 

(Figure  10) 
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RSI  MATERIAL  THERMAL  PERFORMANCE 
(Figure  1 1 ) 
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RSI  MATERIAL  THERMAL  PERFORMANCE 

COMPARISON  OF  MEASURED  AND  PREDICTED  TEMPERATURES  DURING  PLASMA  ARC  TESTS 
TESTS  WERE  PERFORMED  IN  NASA  AMES  RESEARCH  CENTER  3 MW  PLASMA  ARC  FACILITY 
REFERENCE:  MONTHLY  STATUS  REPORT  FOR  FEBRUARY  (15  JAN  1972  TO  15  FEB  1972) 
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Figure  11 
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0042  COATING  IS  WATERPROOF  AFTER  NASA-MSC  TESTS 

DATA  SOURCE:  NASA-MSC  1.5  MW  FACILITY 

R.  E.  VALE  MEMO  27  JUL  1972 
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(16  MIN)  350  EQUIVALENT  FLIGHTS  TO  AREA 
2P  HEATING 


PREDICTABLE  THERMAL  RESPONSE 
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TEST  TIME  (SEC) 


PREDICTABLE  THERMAL  RESPONSE 
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These  tests  also  provided  some  unanticipated  gap/step  heating  results  in  that  local  melting  of  a downstream  LI-1500  closure  strip 
occurred  in  the  vicinity  of  a tee-slot.  The  closure  strip  resulted  in  a 50-mil  forward  facing  step.  Based  on  correlations  of  wind  tunnel 
and  flight  heating  data,  the  closure  strip  experienced  a peak  heating  rate  of  at  least  3.5  times  the  undisturbed  value,  which  produced 
a temperature  greater  than  1925°K  (3000°F).  This  situation  is  not  expected  to  occur  in  flight  because  of  constraints  on  the  allowa- 
ble forward  facing  steps  and  larger  turbulent  boundary  layer  thicknesses. 


PREDICTABLE  THERMAL  RESPONSE 

TEST  PERFORMED  BY  NASA/MSC  IN  1.5  MW  ARC  TUNNEL  FACILITY  - RUN  703 
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TEST  TIME  (SEC) 


PROTOTYPE  PANEL  THERMAL  RESPONSE 
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PROTOTYPE  PANEL  THERMAL  RESPONSE 

TESTS  PERFORMED  BY  NASA/MSC  IN  RADIANT  HEAT/VACUUM  TEST  FACILITY 
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LI-1500  THERMAL  CONDUCTIVITY  COMPARISON 
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COMPARISON  OF  0042  EMITTANCE  DATA 
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COMPARISON  OF  0042  EMITTANCE  DATA 
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TEMPERATURE 


COMPARISON  OF  SPECTRAL  NORMAL  EMITTANCE 
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An  estimate  was  made  of  the  potential  for  surface  temperature  error  in  the  Langley  data  by  comparing  their  spectral  data  with  the 
TRW  data,  and  computing  the  temperature  difference  that  would  be  required  for  both  sets  of  data  to  agree.  The  following  results 
show  the  magnitude  of  this  temperature  difference  (AT)  for  two  measurement  temperatures. 
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6 62 


COMPARISON  OF  SPECTRAL  NORMAL  EMITTANCE 
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WAVELENGTH  (MICRONS) 


CONCLUSIONS  - LMSC  SILICA 
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CONCLUSIONS  - LMSC  SILICA 
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Figure  19 
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Figure  3 
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VENTING  TEST  - MODEL  1,  TEST  NO.  4,  AIR/WATER  VENTING  TEST  - MODEL  1,  TEST  NO.  5,  SEALED  MODEL 

(10  PERCENT  H20)  (30  PERCENT  WATER) 

Figure  4 


SALT  SPRAY  AND  HUMIDITY  TESTING 


0 


1 

p 

/ — \ 

i-H 

• 

g 

•H 

rH 

ti, 

0 

CO 

3 

> 

cd 

X 

Pi, 

PS 

0 

to 

o 

0 

H 

•H 

P 

to 

g 

Ph 

0 

o> 

X 

0 

P 

43 

V— ' 

0 

P 

i—l 

6> 

H 

p 

•H 

cd 

US 

w 

rH 

•H 

r-H 

o 

to 

• 

o 

P 

p 

0 

P 

00 

• 

d 

P 

o 

to 

1 

d 

0 

to 

0 

I-H 

0 

0 

g 

rH 

§ 

d 

X 

P 

p 

0 

P 

p 

O 

cd 

X 

o 

P 

0 

0 

43 

42 

•H 

X 

X 

p 

> 

cd 

X 

P 

to 

•H 

P 

P 

p 

0 

> 

0 

P< 

•rH 

<P  > 

rH 

to 

d 

o 

•rH 

d 

X 

•iH 

P 

0 

p 

P 

g 

0 

P 

•H 

i-H 

P 

o 

d 

P 

d 

P 

iP 

PS 

0 

0 

•H 

to 

P 

P 

> 

g 

P 

S 

cd 

3 

P 

P 

P 

o 

0 

X 

P 

O 

o 

o 

P 

0 

X 

4h 

0 

d 

0 

p 

/— % 

S 

P 

P 

p 

0 

rP 

cd 

0 

p 

Ph 

o 

to 

Ph 

o 

p 

0 

X 

4h 

0 

•H 

i-H 

cd 

LO 

i 

4S 

•H 

P 

X 

P 

LO 

P 

Ph 

P 

p 

. ♦ 

to 

p 

0 

f— 1 

0 

o 

0 

P 

P 

p 

p 

cd 

X 

•H 

t— i 

p 

P 

rH 

P 

0 

rH 

00 

rH 

to 

p 

p 

cd 

P 

p 

0 

' \ 

> 

X 

S 

0 

to 

> 

LO 

0 

i 

X 

o 

0 

l-H 

P 

p. 

to 

0 

o 

m 

X 

P 

p 

OS 

o 

0 

o 

P 

g 

p 

p 

bo 

M3 

0 

p 

•H 

0 

00 

£ 

d 

p 

d 

tit 

g 

to 

0 

o 

0 

' — / 

p 

o 

p 

X 

to 

o 

• 

a 

o 

4H 

o 

•# 

0 

p 

Q* 

p 

o 

•r-> 

X 

X 

0 

X 

o 

X 

bO 

0 

pH 

CM 

P 

•H 

CM 

1 

to 

0 

0 

0 

• 

a 

1 

P 

p 

o 

o. 

0 

X 

0 

0 

P 

p 

£ 

X 

rX 

0 

p 

o 

5 

O 

to 

to 

rH 

•H 

4h 

P 

P 

• 

42 

to 

0 

CO 

o 

P 

p 

P 

g 

0 

0 

•H 

P 

m 

r— \ 

g 

4h 

0 

o 

4S 

•H 

O 

0 

X 

O 

0 

Oh 

p 

d 

P 

0 

d 

to 

•H 

0 

•H 

Ph 

0 

d 

p 

to 

p 

0 

•H 

to 

to 

to 

rP 

g 

•H 

♦ 

0 

•H 

P 

3 

to 

O 

0 

to 

rP 

P 

V — / 

P 

p 

O 

iP 

o 

X 

d 

0 

g 

H 

0 

p 

X 

00 

p 

H 

tk 

p 

O 

• 

p 

tn 

X 

p 

o 

d 

0 

cd 

0 

• 

0 

g 

P 

P 

g 

o 

to 

P 

rH 

PI, 

o 

to 

o 

P 

to 

0 

rP 

p 

p 

to 

bO 

p 

0 

•H 

P 

•H 

to 

> 

bO 

rH 

P 

•rH 

P 

P 

cd 

0 

d 

0 

•H 

CO 

g 

to 

5 

•H 

0 

X 

X 

O 

0 

p 

•H 

p 

iH 

0 

cd 

to 

p 

rH 

Ph 

rH 

P 

p< 

O 

CO 

Ph 

o 

to 

tii 

US 

0 

* 

US 

rH 

1 

to 

o 

0 

42 

P 

0 

P 

X 

bO 

O 

vO 

•H 

o> 

0 

•H 

•H 

rH 

CM 

p 

0 

to 

/ — i 

p 

p 

to 

o 

d 

o 

4h 

•H 

£ 

to 

P 

^p 

•H 

O 

g 

o 

p 

p 

P 

rH 

•fl 

•H 

P 

d 

O 

0 

• 

£ 

rH 

o 

o 

rO 

til 

as 

P 

•H 

rH 

♦ 

bo 

g 

P 

4h 

O 

o 

OS 

P 

•H 

0 

P 

LO 

O 

to 

Ph 

O 

0> 

p 

iH 

0 

V-' 

p 

P 

0 

P 

0 

0 

0 

P 

P 

P 

o 

0 

A 

P 

P 

P 

4h 

to 

p 

to 

P 

O 

P 

P 

0 

P 

P 

4h 

P 

0 

+! 

Ph 

0 

P 

P 

P 

g 

0 

0 

P 

US 

LO 

•H 

Ph 

PU 

&• 

•H 

00 

0 

g 

g 

o 

0 

0 

o 

0 

O 

00 

o 

Ph 

P 

O 

P 

O 

o 

p 

to 

o 

CM 

to 

X 

CM 

P 

1 

p 

O 

P 

CM 

P 

a 

d 

o 

P 

Oh 

P 

•H 

P 

p 

0 

P 

P 

0 

US 

g 

I-H 

X 

0 

P 

0 

P 

1 

0 

0 

•rH 

P 

§ 

P 

d 

P 

P 

00 

•rH 

0 

to 

r^ 

P 

0 

d 

P 

o 

P 

P 

X 

•H 

Ph 

rH 

0 

p 

g 

p 

X 

O 

rH 

3 

0 

P 

P 

P 

p 

42 

d 

P 

> 

•H 

P 

X 

d 

•rH 

p 

0 

P 

p 

0 

d 

P 

p 

> 

•H 

p 

0 

a4 

p 

•rH 

•* 

d 

0 

p 

0 

•H 

P 

us 

•H 

0 

•H 

p 

P 

g 

•p“» 

P 

0 

g 

iH 

o 

P 

rQ 

P 

42 

0 

00 

42 

P 

P 

p 

o 

P 

o 

to 

•H 

p 

to 

d 

P 

to 

P 

P 

0 

g 

p 

0 

P 

d 

p 

p 

p 

0 

0 

P 

0 

0 

0 

P 

0 

p 

X 

£ 

P 

to 

4H 

P 

P 

0 

0 

rX 

0 

P 

•V 

£ 

p 

0 

Pk 

as 

Ph 

d 

Ph 

P 

to 

0 

to 

0 

X 

LO 

OS 

to 

rH 

P 

p 

o 

0 

0 

+1 

p 

rH 

Ph 

P 

tn 

X 

p 

P 

X 

P 

•H 

p 

P 

0 

to 

0 

Ph 

42 

P 

0 

H 

p 

0 

P 

bfl 

P 

0 

o 

0 

0 

P 

0 

X 

P 

Ph 

•H 

0 

p 

• 

d 

0 

£ 

rQ 

t — \ 

0 

PH 

LO 

O 

4h 

g 

rH 

cn 

rH 

P 

O 

P 

O 

LO 

rH 

o 

P 

O 

a 

p 

O 

p 

0 

0 

p 

b. 

p 

CM 

o 

d 

P 

1 

X 

p 

d 

P 

P 

o 

rH 

rH 

• 

X 

P 

rH 

0 

0 

O 

to 

P 

>«— * 

> 

to 

42 

p 

p 

0 

•H 

P 

p 

p 

& 

CM 

P 

0 

P 

o 

42 

g 

g 

0 

P 

P 

42 

P 

0 

N 

P 

0 

O 

P 

Sz; 

P 

42 

P 

P 

0 

•H 

0 

0 

0 

CO 

P 

X 

0 

g 

0 

O 

0 

P 

•H 

P 

•H 

P 

rH 

P 

to 

X 

0 

4h 

•rH 

0 

P 

P 

to 

4h 

P 

to 

Ph 

P 

P 

P 

O 

to 

to 

0 

P 

to 

g 

d 

to 

•H 

rH 

0 

p 

•H 

* 

0 

P 

P 

42 

p 

0 

p 

P 

/ — \ 

0 

P 

o 

0 

Ci, 

to 

O 

Uk 

•H 

pp 

Ph 

•H 

X 

P 

0 

to 

o 

to 

o 

P 

P 

p 

o 

P 

o 

O 

0 

0 

0 

0 

LO 

O 

£ 

r-- 

d 

42 

0 

42 

VO 

0 

p 

V — t 

•H 

2s 

p 

H 

V— ^ 

I 

O 

P 

0 

•H 

e 

§ 

p 

p 

0 
0 
H 
0 

bO 

PS 

•rH 

1 
0 
in 

d 

§ 

to 

PS 

0 

g 

*H 

0 

0) 

Ph 

tn 

p 

to 

0 

P 


bo 

PS 

•iH 

d 

PS 

0 

bO 

PS 

•H 

P 

ccj 

o 

O 

4h 

O 

to 

9 

0 

X 

d 

0 

P 

P 

P 

rH 

P 

9 

0 

P 

0 

S 


P 

P 

0 


0 
P 
*H 

1 
0 
s 

to 

o 

& 

<1) 

<P 

O 

PS 

O 

*H 

P 

0 

1 

P 

to 

P 

p 

0 

•H 

1 

0 


P 

•H 

P 

0 

P 

P 

£ 

0 

X 

P 


to 

to 

<0 

to 

to 

P 

o 

p 


to 

§ 

0 

0 

Ph 

co 


to 

is 

w 

CO 


to 

42 

& 

bO 


676 


SALT  SPRAY  & HUMIDITY  TEST  PROGRAM 


677 


STRAIN 

SEM 


SALT  SPRAY  AND  HUMIDITY  TEST  RESULTS 


X 

P 

i 

I 

p 

d 

1 

l 0 

P 

B 

u 

t »rH 

0 

P 

0 

•H 

•h  d 

P 

0 

• rH 

P d 

S 

P 

P 

X 

X P 

bO 

i"- 

a to  p 

P 'T~\f \ 

O 0 

o 

0 

o 

P *H 

0 

CM 

to 

+J  +J 

U £ cM 

X X X 

£ 

p 

S oj  TS 

rH 

P P 

CO  p 

to  H 

U-i 

a 

B 

O 

0 

0 0 

0 X • 

00 

o 

to 

a p 0 

O 

» 

rP 

B S 

rH  0 CO 

P 

rH 

P 

p 

P S 

o 

P 

0 -H 

P £ d P 

0 * 

p 

0 

d 

p p 

d p P to 

S bo 

CD 

•H 

B 

p 

0 0 

B 

d p 

to  0 P 0 

•H  P 45 

B 

•H 

•H 

X X 

• 

« 

o 

to  0 

•H  P 

O -H 

p 

•H 

O 

o +J 

0 

bO  fn 

P d 

> x ^ 

CD  P 

rH 

0 d 

p 

P 

S3  Mh 

0 

to  P < 

Ph  to 

p 

a 0 

0 p 

d 

•H 

B P 

P P CO 

tO  CD 

d 

0 

to 

> 

p o 

p 

• 

P d 

• 0 a< 

P 

p 

P 

0 

<4H 

p 

X 

to 

0 

0 0 

tO  rH  tO 

0 

P 

bO-H 

0 

p 

p 

0 

P 

bo  > 

P rH 

£ X O 

P 

p 45 

O P 

0 

♦rH 

p 

•H 

P P 

0 *H  X 

o P 

p 

P 

•H 

O 

P P 

ad 

X 

bO  X 

£t^  H.D 

•H 

P 

P 

P 

Mh  P 

B 

•H 

p 

o 

•H  P 

d 

CD 

0 

p p 

0 

B 

0 

p 

P P 

u P to  d 

• *H 

P 

a.  p 

to 

0 to 

P 

d 

X 

B 

•H  O 

0 0 0 

X B 

CD 

B 

B 

p 

p p 

X 

cp 

P P 

ad  P B 

p a 

5 

0 

0 

£ 

P o 

P 

P 

0 

P 

to  p o P 

•H  45 

P ctf 

•H  O 

p d 

P 

P d 

•rH  *H 

d 

to 

0 

p 

d 

0 

CO  * H 

0 X « Mh 

•H  <D 

p 

£3 

P 

o d 

0 

p 

0 

£ 

d 

rP  P P 

B 45 

p 

3 

• 

P 

O 0 

P 

P 

X 

P 0 p O 

2 P 

1 — t 

B 

P 

P 

CM  P 

d 

X 

•rH 

0 

X to 

X 0 O 

4=1 

a*H 

0 

P 

1 *H 

CO 

p 

P 

u 

p 

«4H  +->  •rH 

bo 

X 

B 

P 

Q P 

o 

p 

P 

p d o 

o d 0 

d P 

rH 

P 

•H 

0 

a & 

& 

a 

X <P 

0 -H 

Cp  p P 

a -h 

P 

B 

O 

a^  0 

to 

o 

P P 

0 O P 0 

P p 

•H 

0 

E 

0 p 

0 

0 

•H  *H 

U bO  £ 

3 

P 

CD 

Cu  0 

p 

p 

to 

rH 

S d 

p p 

Xd 

•H  45 

to 

P 

•h  d 

bO  rH 

p 

•H 

p P 

CW  O rH  to 

P 

P 

P 

rH  C 

P 

p 

s 

to 

0 o 

•H  p p 

P CD 

hH 

0 

0 

rH  P 

O 

to 

P 

4->  O 

rX  P £ O 

Pri-i 

*\ 

P 

O 

d 

rH 

p 

0 

0 

O P P -H 

to  X 

P 

o 

' P 

S P 

o 

0 

P 

d 0 

P p 0 to 

P 

« 

0 

<P 

» d 

P 

p 

B 

p 

x o x d 

P P 

to 

> 

P 

P 

HH  O 

0 

•H 

0 

0 d 

•H  <M  rH 

* — 1 CO 

CD 

0 

o 

P 

CP  X 

P 

0 

O X 

p to 

dp  O 

P 

rH 

S 

to 

eS 

p 

0 

P 

0 o 

P 0 d P 

to  d 

a 

O 

p 

CM 

P 

a 

a 

s a 

P P p o 

CD 

XrP 

o 

S 

0 \ 

to 

to 

P 

o 

X 

0 P o 

o p 

u 

*H 

P 

rP  rH 

X o 

tO  0 

p d 

P «P 

• «\ 

P 

B 

H 

p 

a 

X 

P 

P X 0 

P 

p 

0 

•H 

•H 

X *H 

X 

o 

bO 

•H  0 

O P P to 

CD  £ 

to 

P 

to 

X 

rH 

> 

0 

p 

P 

P ,P 

P O -H  0 

P 0 

CD 

P 

O 

p 

- 0 

•H 

0 

•H 

P P 

tp  d -P 

d p 

p 

P 

as 

to  P 

P t-H 

P 

P 

to  »H  H 

to 

P 

s 

P P 

O 

o 

MH 

P 

to  P 

0 P S 

o d 

CD 

P 

o 

a b 

d 

o 

O 

P 

rC  0 d 

a p 

rP 

0 

u 

• 

o *h  d 

p 

U 

0 X 

P 43  45  • 

X P 

P 

a 0 

0 

rP  X 

P 

rH 

bO 

P P 

•P  0 

CD 

B d 

p 

O 

O 

d 

P 

0 

d 

£ tp  ^ P 

X P 

0 

p 

oo  p 

O 

to 

•H  X 

rH  tO 

O *H 

P P 

P 

p d 

p 

rH  du 

0 

P 

P 

•H  0 

P 0 P rH 

CD  p 

o 

p 

p 

a rH 

P 

P 

P P 

P P PH 

P PhX 

0 

o 

p 

P P 

P 

o 

a P 

p ad 

tp  to 

bO 

o 

X 

0 

O 

P 

u 

o 

P toS 

p 

P 

P 

&M-I  ^ 

P 

•H 

•H 

• 

d o t 

p 

O 

m 

d 

S 

0 

0 

to 

CM 

• d 

X 

O P P H 

d rH 

P 

p 

0 

0 

P P ^ 

p 

1 

bo  P 

p 

rH  a 

P P 45 

p 

to 

P 

P Mh 

P 

a: 

to 

P -H 

•H 

to  0 p ctf 

P to 

P 

to 

P 

p p 

d 

CO 

S 

•H 

rH 

P bo  to 

P 

0 

p 

P 

0 

P 

d P 

•H 

OP  0 

CD  W d 

✓ — % 

o 

O 

to  /H 

•H 

P 

0 

0 

P P rO 

a s o x 

P P 

<D 

PU 

P 

p a 

•H 

X X 

0 P 

P 

d p p p 

O *H 

bo 

d 

m 

o 

0 

B 

p 

d 

a 

o d 

tp  p 

P O 

p 

P 

O o 

bO 

p 

P 

p 

O 0 p 

CD  d 

p 

o 

p 

p 

o 

P 

0 

4h 

o 

P bo 

o 

^ O P o 

rQ  d rP 

o 

to  d vo 

P 

p 

O 

•H 

P P 

B p d 

u 

to  d 

H LOP 

0 

P 

•H  *H 

rH 

o to  to 

d p 

p 

CM 

0 

/■ — N 

0 ' — ' 

U 

d 

P 

U 

O P 

P 

p d o p 

CD  45 

P '-'d 

a 

rP 

•H 

0 

a p 

P 

tp  0 a o 

rP  bO 

0 

o 

to 

P 

to 

o 

d 

^ X 0 

bO-H 

0 

*4 

0 

o 

d 

p 

P 

P 

* 

P o 

p 

d O 0 4h 

•P  CD 

P 

o 

O 

P o 

P 

to 

d 

o 

0 x t+n 

CD  £ 

CD  O 

X 

o 

P VO 

bO 

to 

to 

O P 

d 

p tO  +->  0 

S 

3K 

,*fr 

0 

CN 

vo 

P 

0 

O C|H  -H 

p 

•H  p 

P 

M- 

CM 

to  LO 

•H 

o 

0 

P 

bO  +J 

p I0  4H 

(D  »H 

to 

vO 

to 

' — * 

0 

p 

P 

U 

X P 

to 

P rC  P d 

P 

P «-H 

p 

*4 

p tp 

P 

p 

d 

rQ  *H 

43  a 4h 

O P bO  B 

CD  CD 

0 

£ 

d o 

U 

B 

i — i 

0 

> 

bO 

£ CO 

S 

P 

p 

•H 

p 

•H 

P d 

P 

P P P 

p 

•rH 

P / — \0 

•h  0 d 

o 

P 

p 

0 ^ 

•H 

0 bO  *H  P 

to  CD 

u 

PU 

00 

B P 

P ch 

4H 

a d p 

P 

P O £ X 

P P 

0 

p 

r-- 

d 

•rH 

P 

cr 

P *rH 

P 

0 P P 

CD  O 

Ph  to  o 

p p 

0 

0 

to 

O ^ 

O 

36  O *H  O 

B P 

to 

0 

o 

*“•  45  P 

+J 

a 

rH 

rH 

O 

P tp  P 

•H  *H 

p 

LO 

bfl  p 

to 

•rH 

/ s 

P 

to  a c 

O 

o 

VO 

P 

■H  0 

0 mh 

to  X 

d o 

P 

o to 

CD  P 

£ 

p 

P 

0 a p 

o 

P 

o 

P to 

o 

S d a p 

a45 

p 

p 

s 

0 

p 

P *H 

w p 4=: 

on  bo 

0 

^ d 

X 0 

0 

p 

E- 

•rH 

P 

4-> 

CO  p to 

•H 

p 

•H 

0 

H P X 

o 

to  P 

U 

p * 

H 

0 d o 

P 

0 

P 

•H 

CM 

p a 0 

bO  0 X 

to  X 

P 

vO 

to 

P B 

P 

0 £ tw 

P 43  rH 

p 

P 

rH 

0 

p 3 

tp 

P 

rH 

B O 4n 

•H  *H  P 

P 

o 

bO  vO 

P 

B S 

O 

d 

V-/ 

•H  O 

0 

P CP  O 

678 


SALT  SPRAY  & HUMIDITY  TEST  RESULTS 


FREEZE/THAW  TESTING 


0 

P 

•H 

1 

CO 

rH 

u 

CD 

G 

rH 

CD 

43 

0 

ft 

£- 

g 

'JSJ 

to 

•H 

i 

O 

• 

FH 

CD 

• 

0 

3 

§ 

P 

•H 

CD 

rH 

ft 

to 

0 

> 

0 

rH 

u 

P 

rH 

X 

0 

0 

43 

3 

a 

XI 

CO 

P 

25 

H 

43 

i 

O 

g 

hH 

G 

*H 

3 

43 

• 

CO 

p 

CO 

G 

3 

p 

£ 

0 

3 

CD 

3 

G 

CD 

N 

O 

0 

•H 

P 

CD 

43 

P 

G 

G 

CD 

•H 

P 

o 

P 

P 

rH 

0 

u 

ft 

3 

rH 

p 

G 

O 

3 

0 

& 

3 

G 

ft 

25 

a 

O 

ft 

HH 

g 

cd 

ft 

o 

§ 

G 

3 

3 

3 

u 

G 

CD 

O 

P 

cd 

P 

•H 

o 

0 

U 

P 

p 

G 

CD 

0 

00 

CD 

•r— » 

ft 

G 

p 

6 

rO 

•rH 

*H 

3 

G 

P 

•H 

O 

CO 

G 

O 

CD 

P 

O 

& 

ft 

3 

O 

a 

CO 

G 

ft 

P 

G 

0 

G 

3 

3 

43 

X 

CD 

P 

rH 

P 

P 

P 

rG 

0 

G 

00 

43 

ft 

3 

O 

•H 

O 

t>- 

CD 

O 

CD 

3 

0 

3 

5 

G 

G 

o 

G 

o 

H 

43 

X 

•H 

to 

•V 

X) 

/ — \ 

P 

§ 

CO 

ft 

3 

•H 

G 

o 

3 

IX, 

G 

CD 

o 

G 

v— / 

p 

6 

ffi 

O 

P 

00 

•H 

vO 

00 

O 

O 

P 

rH 

0 

P 

CD 

G 

1 

3 

ft 

ft 

CD 

v — / 

CO 

O 

O 

ft 

ft 

12; 

CO 

o 

CD 

0) 

£ 

ft 

O 

p 

ft 

vO 

• 

to 

vO 

0 

p 

•» 

Ttf- 

rH 

p 

G 

CD 

3 

0 

o 

3 

o 

P 

> 

G 

G 

p 

G 

<D 

G 

P 

s 

33 

CNI 

0 

O 

ft 

3 

to 

.ft 

S 

o 

• 

0 

G 

CD 

43 

43 

P 

> 

rH 

p 

P 

u 

•rH 

•rH 

£ 

CD 

>s 

£ 

£ 

O 

43 

o 

O 

p 

3 

*3 

p 

ft 

p 

0 

0 

to 

P 

rH 

o 

o 

o 

G 

o 

p 

CO 

o 

43 

§> 

o 

o 

3 

p 

0 

0 

rH 

CD 

p 

0 

€ 

3 

43 

ft 

p 

ft 

CO 

P 

s 

0 

G 

CD 

*H 

£ 

S 

P 

P 

CD 

0 

CO 

G 

CD 

ft 

ft 

G 

0 

43  ‘ 

ft 

0 

0 

43 

H 

G 

■s 

.§ 

P 

CD 

G 

a 

0 

rH 

0 

0 

P 

•H 

e 

ft 

0 

P 

•H 

to 

£ 

680 


FREEZE/THAW  TEST  RESULTS 


681 


Figure  7 


COLD  SOAK  TESTS 


O I 


I 

O 

g 

o 

1 

CO 

P 

CM 

0 

p 

to 

g 

0) 

to 

Q 

p 

•H 

Ph  - 

P 

CL, 

d 

P 

bO 

g 

• 

\ 

d 

0 

H 

P 

CD 

g 

0 

0 

0 

p 

<a 

to 

P 

CD 

O 

P 

p 

o 

vO 

P 

P 

•H 

•H 

P 

0 

P 

in 

(0 

to 

4h 

iH 

to 

d 

rP 

CM 

*H 

X 

P 

i — \ 

0 

P 

p 

0 

X 

to 

0 

X 

d 

o 

d 

•V 

H 

P 

S 

o 

p 

•H 

vO 

p 

P 

1 

0 

o 

> 

rH 

o 

•H 

HH 

rP 

0 

O 

| 

• 

p 

W 

p 

p 

X 

P 

o 

/ — \ 

0$ 

g 

C£ 

0 

p 

Ph 

o 

P. 

rH 

3 

o 

0 

CM 

O 

P 

0 

p 

4n 

P 

a 

o 

to 

*H 

> 

to 

P 

O 

Or 

O 

•H 

g 

cj 

p 

to 

P 

LO 

P 

P 

to 

P 

CM 

« — 1 

P 

O 

0 

4h 

d 

P 

1 

•H 

P 

d 

H 

o 

rH 

rP 

w 

P 

P 

i 

P 

P 

p 

O 

0 

rH 

p 

O 

p 

o 

to 

O 

• 

•H 

o 

d 

to 

CM 

0 

O 

to 

bO 

0 

o 

Q 

P 

a 

p 

P 

vO 

o 

Oh 

Ph 

o 

P 

rH 

o 

pH 

o 

0 

d 

•H 

g 

P 

rP 

H 

CM 

d 

P 

0 

P 

•H 

to 

a 

£ 

«H 

•H 

o\° 

P 

4h 

a. 

P 

P 

iH 

d 

O 

0 

to 

o 

o 

o 

p 

in 

P 

p 

CD 

o 

p 

o 

P 

to 

P 

,p 

o 

to 

p 

o 

p 

g 

0 

a 

p 

CM 

p 

p 

p 

• 

CD 

a 

to 

o 

g 

0 

X 

P 

I 

4n 

a. 

0 

o 

o 

p 

p 

p 

o 

p 

o 

P 

o 

p 

•H 

p 

•H 

o 

0 

p 

p 

P 

to 

0 

P 

p 

CD 

P 

X 

p 

P 

p 

•H 

*H 

P 

•H 

cd 

4h 

o 

to 

0 

cr 

d 

> 

P 

rH 

o 

o 

p 

P 

d 

0 

p 

a 

P 

rH 

to 

o 

to 

o 

CD 

P 

P 

d 

On 

g 

/ — \ 

rO 

o 

P 

s 

d 

0 

p 

0 

CO 

P 

t — 

d 

0 

1 

rH 

p 

1 

d 

p 

cn 

r!4 

00 

rH 

P* 

hH 

O 

to 

g 

4H 

P 

o 

g 

W 

u 

•H 

£-1 

X 

% 

o 

o 

o 

0 

.0$ 

to 

cd 

rH 

X> 

• 

to 

P 

P 

P 

s 

rH 

rH 

p 

p 

p 

0 

♦ 

O 

P 

P 

d 

bo 

p 

rP 

p 

o 

d 

U 

00 

0 

rH 

•H 

p 

o 

p 

o 

0 

•H 

CM 

g 

O 

PL. 

•H 

•H 

•H 

to 

rH 

P 

H 

P 

O 

V — / 

P 

p 

P 

p 

rH 

•H 

O 

V) 

•H 

P 

•rH 

to 

O 

Ph 

CO 

P 

0 

p 

to 

to 

0 

P 

g 

g 

•H 

rP 

rH 

P 

d 

P 

p 

P 

0 

> 

P 

p 

P 

0 

P 

P 

bO 

P 

CO 

P 

Ph 

P 

0 

o 

O 

r* 

0 

P 

CD 

P 

O 

P 

rP 

o 

P 

o 

p 

iH 

H 

• 

oo 

/H 

4h 

to 

0 

to 

p 

/ — \ 

0 

PL 

p 

to 

> 

to 

Pu 

p 

*p* 

0 

o 

P 

0 

p 

• 

d 

p 

0 

rH 

pH 

d 

rH 

d 

P 

o 

p 

o 

fO 

to 

bO 

bO 

0 

cd 

o 

p 

oo 

in 

•H 

to 

0 

p 

o 

p 

CM 

CM 

p 

•H 

0 

Jh 

o 

•» 

tn 

0 

t 

i 

p 

g 

rP 

cd 

O 

P 

0 

i 

Ph 

o 

Ph 

P 

rH 

d 

P 

' — > 

g 

o 

g 

CD 

to 

0 

P 

P 

0 

CM 

O 

X 

£ 

to 

X 

o 

p 

P 

O 

P 

o 

0 

o 

cd 

a 

o 

rH 

p 

d 

P 

o 

P 

p, 

vO 

X 

<u 

0 

p 

0 

0 

0 

CO 

O 

rH 

rH 

O 

X 

to 

p 

p 

Ph 

00 

•H 

p 

rH 

0 

0 

0 

g 

P 

p 

P 

CD 

X 

p 

£ 

0 

to 

•H 

rP 

0 

0 

to 

rH 

p 

o 

P 

p 

to 

P 

rP 

rH 

P 

P 

0 

rH 

to 

P 

p 

P, 

rP 

p 

rP 

0 

P 

£ 

P 

d 

g 

a. 

P 

to 

(0 

p 

cd 

o 

P 

' 0 

p 

o 

a 

•H 

•rH 

rH 

P 

S 

o 

o 

H 

d 

to 

d 

o 

Mh 

P 

4-1 

p 

0 

O 

rH 

to 

to 

X 

to 

P 

•H 

P 

P 

Ph 

o 

p 

to 

to 

P 

p 

•H 

p 

P 

g 

.p 

p 

•H 

•O 

bo 

0 

P 

o 

to 

1 — 1 

to 

bO 

P 

•H 

rH 

P 

u 

cd 

0 

bQ 

P 

P 

/ — \ 

O 

to 

•H 

P 

p 

rH 

P 

CO 

to 

0 

0 

*» 

p 

0 

P 

g 

P 

CD 

to 

6 

Ph 

p 

0 

p 

rP 

to 

4h 

X 

•H 

0 

g 

p 

P 

p 

p 

0 

X 

N 

H 

p 

0 

p 

P 

p 

oi 

P 

rO 

0 

p 

o 

P 

0 

o 

rH 

P 

rP 

p 

P 

p< 

o 

p 

P 

bO 

0 

p 

P 

g 

iH 

o 

VO 

P 

•H 

X 

p 

0 

0 

0 

p 

rH 

P 

X 

p 

to 

Ph 

p 

rO 

4h 

v — / 

682 


COLD  SOAK  TESTS 


isd  'smnaoiAi 


683 


TEMPERATURE 


RAIN  EROSION  TESTING 


CD 

CO 

H 

• 

•rH 

to 

I 

P 

n 

/ — \ 

2 

cd 

N, 

£ 

CO 

o 

X 

P 

g 

g 

g 

<D 

CM 

& 

O 

£ 

CM 

P 

g 

CD 

rH 

LO 

to 

rH 

a 

1 

•V 

o 

X 

cd 

CM 

CM 

p 

cd 

Pi 

£ 

o 

o 

•rH 

P 

> 

o 

O 

•H 

O 

44 

CO 

O 

rH 

rH 

£ 

o 

• 

• 

•H 

o 

•H 

W 

d- 

O 

O 

g 

o 

o 

p 

0 

to 

V—/ 

CO 

P 

CD 

c 

CO 

X 

pC 

O 

X 

rO 

U 

p 

CD 

o 

•HI 

P 

p 

P 

cd 

U 

£ 

CD 

cd 

•rH 

P 

•r4 

0 

P 

CD 

CO 

bO 

bO 

p 

P 

cd 

rH 

44 

CO 

cd 

0 

p 

3 

P 

•H 

O 

X 

44 

g 

•H 

P 

o 

to 

rO 

s 

• 

g 

o 

cd 

P 

cd 

p 

•H 

•rH 

X 

cd 

o 

X 

cd 

p 

JH 

0 

CO 

rH 

tO 

to 

CD 

o 

to 

CO 

P 

p£ 

to 

O 

X 

00 

> 

p 

o 

P 

a 

to 

p 

o 

& 

X 

£ 

rH 

*H 

u 

o 

CD 

•rH 

pH 

to 

s 

P 

cd 

•V 

o 

g 

x 

to 

0 

cd 

o 

cd 

& 

CD 

•H 

0 

0 

•s 

p 

p 

g 

bO 

CD 

O 

X 

,£ 

rC 

£ 

to 

C 

IH 

cd 

CD 

0 

P 

P 

P 

•rH 

to 

/ — \ 

CD 

g 

CD 

p, 

cd 

to 

Cd 

* 

rC 

to 

cd 

CO 

!H 

to 

0 

£ 

o 

& 

CD 

• 

X 

X 

•H 

•H 

bO 

g 

0 

bO 

CO 

CD 

U 

44 

cd 

g 

«\ 

Ph 

0 

P 

CD 

a 

x 

to 

o 

0 

•H 

O 

P 

P 

0 

0 

£ 

cd 

t^ 

o 

£ 

P 

cd 

cd 

0 

r£ 

O 

X 

rH 

CM 

cd 

& 

P 

bo 

cr 

t- 

O 

bO 

• 

v — / 

to 

o 

0 

0 

0 

0 

o 

•H 

o 

•H 

0 

•rH 

to 

pC 

•H 

O 

•H 

P 

44 

• 

p 

P 

p 

CD 

r£ 

CM 

rH 

cd 

O 

0 

0 

Cd 

cd 

CO 

O 

1 

cd 

P 

CD 

X 

r£ 

o 

p 

•rH 

os 

•H 

*r-i 

to 

o 

H 

p 

O 

X 

g 

rC 

CO 

P 

P 

to 

g 

fH 

CD 

£ 

•rH 

cd 

■S3 

cd 

CO 

P 

CD 

CD 

0 

rP 

to 

g 

0 

P 

r-H 

O 

00 

•> 

r£ 

•H 

P 

0 

bO 

£ 

rH 

£ 

p 

X 

P 

0 

£ 

0 

<D 

X 

g 

0 

0 

X 

rH 

0 

rH 

•H 

€ 

OQ 

£ 

O 

r£ 

44 

CD 

CD 

P 

rH 

•rH 

P 

0 

1 

o 

£ 

O 

P 

0 

C 

04 

cd 

cd 

> 

s-3 

o 

44 

0 

4j 

•H 

CD 

o 

44 

o 

O 

/ — \ 

•H 

0 

< 

g 

P 

0 

o 

0 

Oi 

PL, 

CD 

bO 

O 

£-1 

P 

X 

P 

04 

P 

a 

iH 

•rH 

CD 

•rH 

£ 

0 

g 

0 

CD 

•H 

v— ' 

to 

• 

P 

g 

p 

0 

HH 

0 

CD 

bO 

o 

P 

CD 

fi 

G 

X 

p 

0 

X 

a 

u 

0 

0 

XJ 

0 

cd 

£ 

bO 

P 

CO 

cd 

rC 

CD 

CD 

P 

P 

0 

£ 

• 

•H 

p 

£ 

X) 

to 

£ 

to 

04 

•H 

CO 

P-, 

£ 

CO 

O 

£ 

cd 

•H 

G 

0 

p 

v— ' 

•H 

CD 

CO 

£ 

CD 

S 

O 

X 

P 

u 

H 

CD 

to 

04 

X 

a 

O 

cd 

X 

•H 

CM 

X 

CD 

P 

H3 

0 

Ph 

Ph 

CD 

P 

o 

CD 

X3 

•H 

0 

g 

CO 

g 

g 

• 

•H 

• 

X 

•H 

•H 

•H 

£-4 

CM 

U 

o 

O 

CD 

CD 

CD 

P 

o 

1 

O 

r£ 

g 

'Td 

> 

P 

cd 

0 

44 

Cd 

rH 

44 

to 

•H 

O 

CD 

rH 

0 

0 

rH 

U 

CO 

CD 

O 

P 

g 

• H 

0 

S 

04 

CD 

> 

cd 

H=! 

CO 

P 

•rH 

Ph 

,£ 

g 

p 

CD 

CD 

U 

0 

cd 

P 

p 

X 

H 

cd 

rQ 

U 

cd 

SH 

rH 

CD 

•H 

a 

g 

X 

0 

O 

“bo 

£ 

fH 

£ 

cd 

•H 

o 

rH 

0 

CO 

44 

£ 

g 

CD 

X 

P 

p 

•H 

0 

.# 

•H 

£ 

X 

CO 

cd 

CO 

cd 

0 

O 

0 

P 

P 

X 

CD 

CD 

g 

CD 

nd 

44 

S 

•H 

rH 

CO 

O 

rP 

p 

rH 

H 

C 

P 

pO 

•H 

cd 

-3- 

cd 

bO 

cd 

P 

CO 

to 

•H 

cd 

X 

Ph 

bO 

o 

0 

o 

•H 

0 

X 

•rH 

0 

g 

£ 

/ N 

o 

cd 

o 

• 

Mh 

p 

£ 

£ 

•H 

•rH 

CO 

p 

/ — \ 

P 

cd 

O 

cd 

CO 

P 

V — ' 

CD 

CD 

P 

nd 

U 

U 

> 

£ 

P 

cd 

CO 

P 

O 

X 

44 

P 

bO 

O 

0 

o 

P 

•rH 

£ 

CD 

cd 

0 

0 

X 

to 

rH 

u 

CO 

rH 

CD 

p 

O 

•H 

•H 

CO 

rH 

cd 

Ph 

<D 

rH 

X 

•H 

o 

'xd 

P 

cd 

0 

£ 

0 

O 

0 

P 

J3 

•rH 

g 

to 

CD 

cd 

U 

rC 

O 

0 

0 

r0 

O 

•H 

> 

X 

p 

£ 

i 

rH 

rH 

u 

rH 

U 

0 

0 

O 

IH 

•H 

rH 

CD 

cd 

0 

r0 

rH 

cd 

o 

»H 

w 

CD 

V-H 

CO 

> 

• 

P 

rO 

p 

CO 

Cd 

/ — V 

fH 

CD 

o 

0 

•H 

44 

o 

CD 

CD 

g 

O 

fj 

p 

0 

to 

o 

0 

0 

0 

CD 

S 

0 

cd 

g 

to 

bO 

CD 

O 

0 

o 

CO 

IH 

JH 

•H 

O 

X 

cd 

bO 

to 

o 

cd 

• 

P 

04 , 

P 

£ 

CO 

CD 

CD 

to 

\ 

/ — \ 

•H 

•rH 

£ 

X 

P 

•V 

• 

u 

U 

0 

o 

rH 

X 

Cd 

p 

cd 

to 

bJQ 

P 

,0 

r0 

£ 

£ 

•H 

cd 

O 

0 

0 

0 

\ 

£ 

H 

& 

0 

P 

CD 

*H 

CD 

0 

0 

to 

cd 

> 

cd 

0 

> 

P 

X 

•rH 

•H 

O 

•H 

Ph 

X) 

•H 

O 

cd 

•H 

04 

O 

p 

04 

£ 

cd 

X> 

O 

> 

rH 

rH 

X 

0 

cd 

0 

cd 

cd 

cd 

U 

CD 

v — / 

v — / 

0 

04 

rH 

684 


coating  are  readily  achievable  by  increased  coating  thickness  and  more  uniform  application. 
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STP  TEST  MATRIX  AND  SPECIMEN  CONFIGURATION 
(Figure  11) 
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and  specimens  were  tested  with  uncoated  grooves  in  the  sidewall  that  provided  some  degree  of  stress 
relief.  This  problem  is  under  intensive  investigation.  Sidewall  designs  utilizing  coated  grooves 
configured  to  provide  increased  flexibility  have  been  successfully  tested. 
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STP  TEST  SPECIMEN 
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load  cycles  to  an  accumulation  of  25  boost  acoustic  cycles.  Similarly,  cold  windward  specimens  were 
subjected  to  one  boost  acoustic  cycle  without  prior  environmental  cycles  and  to  an  accumulation  of  25 
boost  acoustic  cycles  after  prior  exposure  to  10  entry  heat  and  two  limit  load  cycles. 
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ACOUSTIC  TEST  PSD  ACCELERATION 
(Figure  13) 
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resulting  from  inadequate  loading  during  bonding. 
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and  buckled.  The  remaining  tile  was  structurally  sound  throughout  the  100  cycles. 
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TIME,  MINUTES  CYCLE  NUMBER 
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VIEW  OF  SPECIMEN  BACKFACE  WITH  QUARTZ 
HEATING  LAMPS  IN  OPERATION 
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TENSILE  LOAD  TEST  RESULTS 
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Figure  18 
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No  degradation  of  PD-200  was  observed  except  as  a result  of  the  overtest  condition  experi- 
enced on  entry  heating  cycle  No.  1. 

Only  one  specimen  showed  delamination  of  PD-200/ aluminum  bond. 
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Figure  19 


A major  element  of  GE's  development  of  the  Reusable  External  Insulation,  REI-Mullite,  for  the 
Space  Shuttle  Orbiter  is  testing  in  simulated  natural  and  induced  environments.  The  test  programs 
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Figure  20 


Final  Report  for  Reusable  Surface  Insulation  Thermal  Protection  System  Development  Program 
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RESULTS  OF  DEVELOPMENT  TESTING  OF  LMSC  SILICA  RSI 

(Figure  1) 
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RESULTS  OF  DEVELOPMENT  TESTING  OF  LMSC  SILICA  RSI 
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Figure  1 
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Figure  2 
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Figure  3 


116°  K (-250°  F)  COLD  SOAK  SPECIMEN 
(Figure  4) 
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116°K  (-250° F)  COLD  SOAK  SPECIMEN 
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Figure  4 


116°  K (-250°  F)  TESTING  OF  15  BY  60  CM  PANEL 

(Figure  5) 

Additional  testing  for  the  116°K  on-orbit  cold-soak  condition  consisted  of  a performance 
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LOST  TILE  MODEL  - PRETEST 
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Tigure  6 


LOST  TILE  MODEL  IN  HOLDER  - POST  TEST 
(Figure  7) 
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Figure  7 
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Figure  10 
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Figure  1 


RSI  SPECIMENS  FOR  METEOROID  TESTS 
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Figure  2 
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Figure  4 
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PROJECTILE  MASS,  m - GRAMS 


TYPICAL  RSI  DAMAGE  DUE  TO  METEOROID  IMPACT 
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Figure  12 
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1 PENETRATION  PER  2200  FLIGHTS  1 1 PENETRATION  PER  4200  FLIGHTS 


HEATING  PULSE  EQUIVALENT  TO  HEAT  FROM  2000  KM  (1100  MILE) 

CROSS -RANGE  ENTRY 
(Figure  14) 
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TIME -SEC 


INFLUENCE  OF  CAVITY  SIZE  ON  BONDLINE  HEATING 
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COOL  DOWN  INITIATED  WHEN  TEMPERATURE  REACHED  420°K 
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The  coatings  on  Reusable  Surface  Insulation  (RSl)  which  are  proposed  for  space  shuttle  are  formu- 
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EFFECT  OF  SEA  SALT  AID  THERMAL  CYCLES  ON  EMITTANCE  OF  M500A7P„nr.  COATING 
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Figure  11 


EFFECT  OF  SEA  SALT  AMD  THERMAL  CYCLES  ON  EMITTANCE  OF  SR-2  COATING 
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The  Ceramic  Engineering  Division  at  the  University  of  Washington  has  been  involved  since 
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at  which  time  the  specimen  was  taken  from  the  furnace  to  ambient  air  and  another  specimen  put  in  its  place 
and  the  cycle  repeated.  The  cycling  was  normally  done  with  pairs  of  specimens. 


Specimens  were  then  cut  from  the  specimens  for  examination  by  X-ray  diffraction,  electron  micro- 
probe, SEM,  optical  microscope,  and  in  some  cases,  for  X-ray  spectrographi c analysis  and  porosity  determina- 
tions. The  details  of  sample  preparation  will  not  be  discussed  here;  however,  the  general  method  for 
examination  of  coating  cross-sections  was  to  infiltrate  the  specimen  with  methyl  methacrylate,  polymerize 
to  polymethylmethacrylate,  section,  and  polish.  The  PMM  was  then  removed  by  heating  at  540°C  (1000°F). 
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Figure  6 
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Figure  9 
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MDAC  MOD  I COATING 
10  CYCLES  TO  1250°C  (2300°F) 
CROSS-SECTION  OF  COATING 


~o 

c u 

CO 

fd 

c 

fd 

to 

x: 

•r- 

o 

O) 

s- 

s*. 

o 

cu 

c— 

x: 

O 

J— 

u 

<u 

x: 

o 

p 

o 

O 

x> 

LO 

c. 

CM 

fd 

x 

o 

CD 

P 

x: 

CO 

CO 

3 

3? 

o 

m 

s~ 

p 

to 

cu 

c: 

E 

<u 

o 

P 

o 

cu 

CO 

JD 

s= 

•r— 

c 

P 

cu 

fd 

£ 

o 

•I— 

u 

u 

CU 

►—i 

cx 

to 

Q 

O 

<u 

2 

x: 

4-> 

cu 

x 

P 

P 

O 

CO 

CU 

c: 

u 

•r- 

3 

r— 

P 

U 

X 

>> 

cu 

u 

p 

P 

cu 

o 

u 

fd 

to 

p 

P 

s- 

■f— 

3 

=5 

to 

to 

CU 

CU 

s- 

x: 

p 

(D 

JZ 

r» 

p 

>> 

P 

to 

•f— 

3: 

to 

• 

o 

o 

>> 

XT 

s- 

fd 

to 

o 

s- 

Q- 

CO 

r— 

r— 

c 

s- 

cu 

fd 

s- 

cu 

“O 

3 ■ 

to 

CO 

fd 

o 

•r— 

cu 

p 

Ll- 

s- 

o 

-SC 

c 

CJ 

*r— 

fd 

-a 

-Q 

<u 

E 

s- 

O 

fd 

s- 

E 

p 

816 


MDAC  Mod  I Coating 
10  Cycles  to  1250°C  (2300°F) 
Cross-section  of  Coating 


817 


Figure  11 


MDAC  MOD  I COATING 
10  CYCLES  TO  1250°C  (2300°F) 
CROSS-SECTION  OF  COATING 
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Figure  12 


MDAC  MOD  III  COATING 
AS  RECEIVED 

CROSS-SECTION  OF  COATING 
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Figure  13 


MDAC  MOD  III  COATING 
10  CYCLES  TO  1250°C  (2300°F) 
CROSS-SECTION  OF  COATING 
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Figure  14 


MDAC  MOD  III  COATING 
AS  RECEIVED 

REMNANT  OF  SURFACE  LAYER 
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Figure  15 


MDAC  MOD  III  COATING 
10  CYCLES  TO  1250°C  (2300°F) 
REMNANT  OF  SURFACE  LAYER 


£ 

CU 

CL 

a. 

4-> 

i — j 


o 

o 

O 

LO 

CU 

04 

s- 

r— 

cu 

x: 

O 

4-5 

4-> 

C ' 

CO 

cu 

C U 

CO 

i— 

-Q 

u 

03 

>> 

o 

CO 

•r— 

o 

i — 

rd 

o 

•r— 

4-> 

S- 

cu 

C U 

4-5 

s- 

^ — X 

3 

£ 

<o 

to 

f— 

o 

"O 

Q- 

CU 

c u 

X 

> 

s- 

cu 

•r— 

3 

CU 

CD 

s- 

CJ 

*i— 

<D  , 

<u 

Li- 

4-> 

s- 

'S -• 

4— 

1 

fO 

CO 

<T5 

CU 

CJ 

CU 

fO 

-C 

4- 

4-5 

t- 

3 

C 

CO 

•i— 

CJ) 

4-5 

c: 

C 

‘i— 

CU 

4-5 

CO 

n3 

cu 

O 

s- 

O 

CL 

O) 

cu 

-C 

CO 

4-> 

-C 

CO 

Q- 

o 

>> 

jC 

CO 

to 

to 

rd 

to 

■ — 

r— • 

CD 

CU 

CU 

s- 

_C 

3 

4-5 

CJ) 

•r— 

4- 

Li_ 

O 

sz 

u 

3 

£ 

4-5 

f0 

x: 

826 


POROSITY  DATA 
MDAC  MOD  III  COATING 
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CRYSTALLINE  SPECIES  BY  X-RAY  DIFFRACTION 
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Figure  19 


LMSC  LI-1525  COATING 
AS  RECEIVED 

CROSS-SECTION  OF  COATING  AND  INTERFACE 


£ 

*r— 

CO 

2 

O 

CL 


JD 

to 

s- 

CD 

*o 


O 

O 


-o 

4-> 

CD 

C 

> 

9) 

•f 

S- 

<u 

to 

u 

CL 

CD 

CL 

S- 

to 

to 

to 

to 

•r- 

CD 

<D 

c 

C 

•r— 

o 

4-> 

N 

to 

o 

C 

o 

o 

•r— 

to 

o 

CM 

•i— 

CM 

to 

to 

c 

<u 

I 

to 

u 

i — i 

s- 

3 

_J 

+-> 

co 

•r- 

CD 

CD 

U- 

jc: 

sz 

4-> 

4-> 

O 

O 

4-> 

c 

C 

•r— 

o 

•r— 

C 

+-> 

o 

O 

•i— 

<u 

+-> 

to 

to 

I 

S- 

to 

+-> 

to 

cd 

o 

c 

s- 

<D 

o 

CL 

to 

-a 

O 

to 

O 

CD 

o 

JC 

“O 

to 

c 

to 

<u 

s- 

A 

3 

CD 

CD 

•r— 

> 

CD 

to 

O 

•p— 

JC 

-c: 

1— 

+-> 

c 

CD 

"O 

•r- 

> 

CD 

to 

834 


LMSC  LI-1525  Coating 
As  Received 

Cross-section  of  Coating  and  Interface 


SURFACE  OF  AS-RECEIVED  COATING 


836 


LMSC  LI-1525  Coating 
Surface  of  As-received  Coating 


83 


igure  2 


LMSC  LI -1542  COATING 
AS  RECEIVED 

CROSS-SECTION  OF  COATING  AND  INTERFACE 


4- 

O 


<D 

-CZ 

•P 

4- 

CD 

o 

c 

*r— 

c 

-P 

o 

fO 

*r— 

O 

-P 

a 

o 

< I) 

cu 

to 

JZ 

1 

-p 

to 

to 

4- 

o 

O 

u 

4- 

r— 

fd 

JC 

to 

*r— 

i- 

cu 

CM 

-p 

CM 

3 

o 

<U 

a> 

3 

CJ> 

•p 

Li- 

c: 

>> 


4-> 


to 

O 

S- 

O 

CL 


838 


LMSC  LI-1542  Coating 
As  Received 

Cross-section  of  Coating  and  Interface 


Figure  22 


LMSC  LI -1542  COATING 
SURFACE  OF  AS-RECEIVED  COATING 


840 


CD 

CD 

C 

• 

+•* 

CD 

C 

O 

■ ■■■■ 
+-* 

o 

CD 

o 

"O 

o 

CD 

b> 

CM 

'<5 

O 

LO 

O) 

« 

0 

00 

□ 

< 

o 

<4- 

O 

GO 

CD 

CJ 

_l 

CD 

4— 

L. 

CO 

LMSC  LI -1542  COATING 
10  CYCLES  TO  125 0°C  (2300° F) 
CROSS-SECTION  OF  COATING 


842 


LMSC  LI-1542  Coating 
10  Cycles  to  1250°C 
Cross-section  of  Coating 


843 


Figure  24 
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CROSS-SECTION,  OPTICAL  THIN-SECTION 
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Figure  26 
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Figure  27 


While  these  data  are  by  no  means  complete,  it  is  hoped  that,  together  with  results  obtained 
by  other  investigators,  they  may  help  to  provide  the  information  necessary  for  a valid  analysis  of 
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significantly.  After  six  cycles  the  glassy  areas  are  beginning  to  roughen  up  considerably  while  the  coral 
are  rapidly  receding.  At  nine  cycles  the  coral  exist  only  in  limited  areas  and  the  sublayer  is  extremely 
rough.  This  result  indicates  the  reaction  has  proceeded  much  further  at  the  higher  heating  rate  than  it  did 
at  the  lower  heating  rate. 
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CYCLE  3 CYCLES  6 CYCLES  9 CYCLES 

(b)qcw=  450  kw/m2,  Tw  =1630° K 
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figure  2)  are  the  only  remaining  part  of  that  initial  top  layer.  The  remainder  of  the 
sublayers  appear  to  be  unaffected  by  the  environment. 
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NUMBER  OF  1/4  HOUR  CYCLES 
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NUMBER  OF  1/4  HOUR  CYCLES 
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Figure  11 
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Figure  16 


X-RAY  FLUORESCENCE  CHEMICAL  ANALYSIS  OF  HCF-MOD  III  COATING 
EXPOSED  TO  ARC  PLASMA  ENVIRONMENT  AFTER  8 CYCLES 
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Figure  17 


x-ray  Fluorescence  analysis  of  cross  section  of  rei-mod  ia  coating 
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mechanical  properties.  Lockheed  has  continued  with  their  basic  silica  material  process  and  has 
concentrated  on  reducing  bulk  density,  wAich  has  resulted  in  a LI-900  material  with  a bulk  density  of 
144.18  kg/m3  (9  lb/ft3) . During  January  1973,  one  material  system  will  be  selected  for  the  shuttle 
TPS  from  the  three  candidate  RSI  materials. 


SUMMARY  SCHEDULE  OF  RSI 
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DISTRIBUTION  OF  PEAK  SURFACE  TEMPERATURE 
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PEAK  EQUILIBRIUM  SURFACE  TEMPERATURE/ 
VEHICLE  AREA  DISTRIBUTION 

• LAMINAR  FLOW  CONDITIONS 

• TOTAL  AREA  1163  m2  (l2,519  FT2) 
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TEMPERATURE  CHANGE  RATE  VERSUS  EQUILIBRIUM  SURFACE  TEMPERATURE 
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Figure  6 
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Figure  9 


TESTING  CONDITIONS  AND  TESTING  SEQUENCE  FOR  RSI  PROTOTYPE  PANELS 

I.  INITIAL  EXPOSURE 
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TESTING  CONDITIONS  AND  TESTING  SEQUENCE 
II . FINAL  EXPOSURES 
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